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ADVERTISEMENT BY THE PUBLISHERS. 



Among the many improvements in edacation which 
distinguish the present age, there are few more nsefol 
than the introduction of physical science as a stated part 
of the general instruction of youth. But as no hranch 
of philosophy can be used for this purpose before its 
principles have been completely ascertained, and reduced 
to a systematic arrangement, it was not till a recent pe- 
riod that a knowledge of the laws of nature could be 
rendered subservient to the cultivation of the youthful 
mind. In our days it is pleasant to find that attempts 
are every where made to secure for all classes a parti- 
cipation in the pleasures which may be derived firom 
studying the structure of the material universe, and, 
more particularly, to employ such learning as the means 
of mental discipliue and intellectual improvement. 

The usages of this country send the greater number 
of onr youth so early into active life, and business soon 
becomes so engrossing, that if some provision be not made 
for imparting this knowledge at school, it is to be feared 
that many must be shut out altogether firom its enjoy- 
ments, or at least partake of them in a yerj AxcDi\j^\ «sA 
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imperfect degree. Hence it is extremely desirable that 
science should be introduced as a regular part of educa- 
tion into all schools, and that for this purpose there should 
be text-books composed on its various branches to aid 
the pupil ; it being found that the most rapid progress 
is made when a lesson is given out to be studied by the 
learner, on which he is afterwards to be examined by 
his teacher. 

Of the various sections of Natural Philosophy, no one 
seems better adapted for the instruction of youth than 
Astronomy. The phenomena it describes are interest- 
ing above all others from their grandeur as well as from 
their practical application to the uses of human life ; 
while, by the exactness of its laws and the certainty 
of its demonstrations, it is eminently fitted to improve 
the mind in precision of thought and accuracy of expres- 
sion. Proceeding on this view, the Author has endea- 
voured to prepare a little work suited both for private 
study and the use of schools. In executing his task, 
he has made it as full and accurate as possible, subdi- 
viding the matter at the same time in such a way that 
it can be thrown into short aphoristic sentences, which 
will greatly assist the pupil in forming answers to the 
various questions that may be put to him by his tutor. 

In teaching Astronomy, one of the most difi&cult points 
is to convey to the learner a clear knowledge of the re- 
lations of the several circles, angles, and degrees on a 
spherical surface ; and unless intimately acquainted with 
these, his progress will be constantly impeded by in- 
superable difficulties. Nor is it easy to acquire a satis- 
factory idea of such relations from figures drawn on a 
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plane surfisKie ; and hence every teacher will find much 
advantage m using the globe freely, and making his 
pupil at the outset so &miliar vrith its several parts and 
the effects of its motions, that he can follow them 
quickly in imagination. This will, no doubt, be found 
a little laborious at first, but without it his notions 
must always be loose and confused. 

The Author also strongly recommends that the learner 
be made acquainted at the outset with the principal 
stars and constellations, and the leading circles of right 
ascension and declination (Par. 117, page 27). Such 
knowledge will enable him to find out the planets, to 
watch their courses and those of the sun and moon 
through the sky, and by imparting to him an ac- 
quamtance with objects possessing so many points of at- 
traction, will give him a more lively interest in the study. 
To realize these views, a considerable part of the work 
is devoted to an account of the starry heavens. 

EoiNBUKGH, April 1842. 
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ASTRONOMY. 



INTRODUCTION. 

1. Astronomy is the science which treats of the 
heavenly bodies. 

2. By the heavenly bodies, we mean the Sun, the 
Moon, the Earth, and the Stars. 

3. Astronomy informs ns of what is known regarding 
the FORMS of these bodies, their magnitudes, distances, 

RELATIVE situations, APPARENT MOTIONS, REAL MO- 
TIONS, PHYSICAL CONSTITUTION, and ACTIONS ON EACH 
OTHER. 

4. The term Astronomy is derived from the Greek 
words Atfrri^ (aster), a star, and 'Sofiog (nomos), a law. 
Its literal signification is, therefore, the law of the stars, 
or order of the stars. 

5. The division of the heavenly bodies into Sun, Moon, 
Earth, and Stars, is a popular arrangement, for it classes 
them simply as they appear to us. It is not a scienHfio 
arrangement, for it is not founded on any essential differ, 
ences in the nature of these bodies. The following arrange, 
ment is better. 

6. The heavenly bodies are arranged in two divisions : 
I. The Fixed Stars. — ^11. The Solar System. 

7. The Fixed Stars are those stars which do not sen- 
sibly change their positions in relation to each other. 

8. The Fixed Stars include all the stars usually seen in 
the heavens ; excepting five, namely, Mercury, Venus, Mars, 
Jupiter, Saturn, and an occasional comet. 

A 
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9. The Solar System embraces the Sun, the Planets 
with their Satellites, and the Comets. The Earth, Venus, 
Mars, and Jupiter, are planet* ; the Moon is a satellite, 

10. The Fixed Stars, the Sun, the Planets, the Satel- 
lites, and the Comets are therefore the subjects with 
vhich it is the proyioce of Astronomy to msk.e ns ac- 
quainted. 



QENBRAL DBPIRTIIONS. 
11. A PLANB BUFEBFICieS, PLANB SI 

shortly expressed, a plane, isasur&ce of such a nature, 

that if a straight line be drawn between any two points 

in it, every point in the straight line shall touch the 

snri^ce. 

12. A plane, in common language, is esUed a Jlal inr. 
face. A wall, a veil-smoothed table, a mirroT, in nhatever 
poEilion it may be held, fUmiah examples of a plane luifaee. 
Its nalurevill be at oact understood b; endeavouring to ap. 
plf the above definition to any curved surface, as a sphere : 
the sttaigbc line between two points will pass above or be- 
low the curved suifsce. 
13. When two planesurfsces, onbeing produecdsofis 

to meet, would ibrm one plane, then are mid to be in the 

tame plane. Fia. 1. 

In Fig. 1, the planes 

fflADn,KBCL,arein 

the same plane, as, on " 

being produced, they 

formoneplane,mBCn. 

14. Two tables, of the 
same heif^^t, and per- >i 
fectlf horiiontal, are in 
the suae plane. 
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15. When two planes, on being produced so as to meet, 
woold cross each other, and then dlveige, thej are said 
to be inclined to each otihery or, to cut each oOar, 



Fi^. 2. 




In Fig. 1, the planes 
EKLH,AKLD,are in- 
clined to each other. The 
two planes in Fig. 2 are 
also inclined to each other. 
See also Fig. 3, in which 
a number of planes are 
shown inclined to each 
other. 

16. Planes which never 
meet, when produced ever so &r both ways, are said to 
be parallel. In Fig. 3, the planes B 6 o C, A a <i D, are 
parallel ; also the planes Fig. 3. 

B6oA, CcrfD. 

17.' If two planes cut 
each other, the line 
where they meet is a 
straight line ; as K L, 
Fig. 1, E c, Fig. 2, or 
any of the straight lines 
in Fig. 3. 

18. We speak of the plane of any figure, though the 
interior of it be not filled up with surface, if it be one 
every point of which would touch a plane surface when 
laid upon it ; as a triangle, a square, a circle, an ellipse. 
Such a figure is termed a plane piqube. Thus, we 
speak of the plane of the path of a planet, meaning the 
imaginary flat surface which would touch every point of 
the planet's course. Yig. 4. 

19. An ANGLE is the 
opening between two 
straight lines, which meet, 
but are not in the same 

straight line. In Fig. 4, ^ ^ 

the opening between the ^ * 

lines A B and C B is an angle, termed the angle B, or 
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the angle ABC: the letter at the point where the lines 
meet is placed in the middle. 

20. An angle may be termed the inclination of two lines 
to each other ^ or, the amount of difference of the directions 
in which they lie, 

21. A RIGHT ANOLE is the angle fonned when one 
straight line stands upon another in such a direction that 
the angles on each side are equal to one another. These 
angles are termed the ad- j-jg^ 5^ 

jacent angles. In Fig. 5, • 
ABC and ABD are right 
anigles, for they are equal 
to each other. 

22. The line which 
stands upon the other is 



C 



termed a PERPENDICULAR, b " 

and is said to be perpendicular or at right angles to the 
other. In Fig. 6, A B is perpendicular to C D : — also, 
D B and C B are, each of them, perpendicular to A B. 

23. A straight line is said to be perpendicular to a 
plane, when it is perpendicular to every straight line 
drawn on that plane which it meets. 

24. An OBTusB angle is one which is greater, or has 
a wider opening than a right angle. In Fig. 4, D E F 
IB an obtuse angle. 

.25^ An ACUT£ ANGLE IS oue which is less, or has a 
narrower opening than a right angle. In Fig. 4^ A B C 
jys an acute angle. 

26. The method of comparing angles exactly, with respect 
to their magnitude, is described in Par. 46, page 14. 

27. The INCLINATION OF A STRAIGHT LINE TO A PLANE 

is the acute angle contained by that line and another 
Straight line, drawn from the point where the first line 
touches the plane, to the point in which a perpendicular 
to the plane, from any point in the first line, meets the 
plane. 

28. The INCLINATION OP A PLANE TO A PLANE is the 

acute angle contained by two straight lines^ one in each 
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plane, drawn from any point in the line in which the 
planes cut each other, at right angles to that line. 

29. Two straight lines which are in the same plane, 
and do not meet, however fiur they are produced both 
ways, are said to be parallel to each other, or parallel 

LINES. 

30. Parallel lines may also be characterized as being at 
the same distance fVom each other ; that is, the perpendicular 
drawn from any point in either l!ne upon the other, is always 
of the same length. 

31. A CIRCLE is a plane figure, bounded by one line, 
every point in which is equally distant from a certain 
point within the figure. The bounding line is called the 
circumference; thepoint Pig^ g^ 

withiny the centre. In 
Fig. 6, C is the centre, 
and the carved line 
ABDS;H,0, the cir- 

^MttBRTCHde. 

32. The RADIUS of a 
CIRCLE is a straight line 
drawn from the centre 
to the circumference. 
In Fig. 6, C A is a ra- 
dius ; C B and C D are 
also radii. 

33. It follows from the above definition of a circle, 
that all radii of the same circle are equal in length. 

34. The DIAMETER OP A CIRCLE is a straight line 
drawn through the centre, and terminated both ways by 
the circumference. In Fig. 6, A D is a diameter, 

35. The diameter is double the radius ; and it divides 
the circle into two equal parts. 

36. An ARC of a circle is any portion of the circum- 
ference. In Fig. 6, D E, E H, H 0, B E, E 0, are arcs 
of the circle A B H 0. 

37. A CHORD of a circle is the straight Ime joining the 
two extremities of an arc. In Fig. 6, the straight lines 
O E, A B, are chords. 
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88. A SEGMENT of a circle is the part of its area cut off 
by any chord. In Fig. 6, OABDEOisa segment. 

89. A SEMICIRCLE is the segment cut off by the dia- 
meter, or half the area of the circle. In Fig. 6, A B D A 
and A H D A are semicircles. 

40. A QUADRANT is the half of a semicircle. In Fig. 
69 A B C A and D B C D are quadrants. 

41. The terms semicircle and quadrant are sometimes 
applied to the portions of the circumference which bound 
them, as well as to the area enclosed. In this case, the 
semicircle is one-haify the quadrant one-fourth of the 
circumference. 

42. A TANGENT to a circle is a straight line which 
touches the circle, and, on being produced, does not cut 
it. In Fig. 6, D K and P H Q, are tangents. 

43. A tangent is always at right angles to the diameter 
drawn through the point where it touches the circle. In 
Fig. 6, the angle K D A is a right angle. 

44. The magnitude of an arc of a circle is described 
by stating what proportion of the whole circumference 
it forms. For this purpose, the circumference of a circle, 
whatever the magnitude of the circle may be, is supposed 
to be divided into 860 equal parts, called degrees, and 
marked ®. To express still smaller parts, each degree is 
divided into 60 equal parts, called minutes, and marked '; 
and each minute is subdivided into 60 equal parts, termed 
seconds, and marked ''. Thus, an arc of thirty-nine de- 
grees, forty minutes, and thirty-one seconds, is shortly 
expressed, 89° 40' 31". 

45. A semicircle is an arc of 180 degrees ; a quadrant 
an arc of 90 degrees. 

46. An ANGLE IS MEASURED by making its sides radii 
of a circle, the angular point being the centre, and taking 
the length of the arc on which it stands, in degrees, min- 
utes, and seconds. The arc on which the angle stands is 
the portion of the circumference between the extremities 
of its sides or radii. In Fig. 6, the angles ACE and 
D C £ are measured by the number of degrees in the re- 
spective arcs A H E and D E, on which they stand, — ^the 
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angle A CEbjthearoAHE, the angle DCEbytheaic 
D E. We thus speak of an angle, as of so many degrees 
and minutes in magnitude. The angle BCD, whose arc 
BD is a quadrant or fourth-part of the circumference, is 
therefore an angle of 90 degrees. The angle D G E must 
be considerably less, about 60 degrees or 60° — ^the angle 
ACE, about 120^ 

47* An angle of 90° is a right angle : an acute angle 
is less than 90° ; an obtuse angle greater than 90°. 
' 48. The arc on which an angle stands is said to subtend 
that angle. In the case of a triangle, the side opposite 
to an angle is also said to subtend that angle. 

49. The length of the radii, or magnitude of the dicle, 
makes no difl^enoe in the size of the angle, for the arc on 
which the same angle stands will always hear the same pro- 
portion to the whole circumference, however different that 
circumference may be, or whatever the length of the radius. 

50. An ellipse is a plane figure, bounded by one 
line, which is of such a nature that the sum of two 
straight lines drawn from two points within to any point 
in the bounding line is always the same. These two 
points are termed the foci of the ellipse. 

Fig. 7 represents p. - 

an ellipse. F and ^' 

E are its foci ; and 
if G, K, and L, be 
any points in its 
circumference, then 
GFandGEtoge--'^' 
ther, will be of the 
same length as K F 
and KE together, 
or as LF and LE 
together. 

61. The MAJOR AXIS of an eHipse is the straight line 
drawn through the two foci, and terminated both ways 
by the circumference. The middle point of this line is 
the CENTRE of the ellipse. The minor axis of an ellipse 
is the straight line drawn through thp centre at rigl^t 
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angles to the major axis. In Fig. 7» A is the major 
axis, C the centre, and B D the minor axis. 

Fig. 8. 




52. A SPHERE, commonly called a globe, is a round 
body haTing every point on its sor&ce equally distant 
from a point within, termed the centre* 

53. A DIAMETER of a Sphere is a straight line passing 
through the centre of the sphere, and terminated both 
ways by its sur&ce. In Fig. 8, straight lines drawn 
from P to p, and from Z to N, are diameters. 

54. A GREAT CIRCLE of a Sphere is a circle drawn 
upon its sur&ce, whose plane passes through the centre 
of the sphere. In Fig. 8, P «Y* j) v, Z A v N m, E«Y*e Q, 
and H liir O «Y*, are great circles, 

55. All great circles of a sphere are equal to each 
other. 

56. A SMALL CIRCLE of a sphere is a circle drawn upon 
its surface, whose plane does not cut the centre of 
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the sphere. In Fig. 8, ZdT, AaR, NoR, are small 
circles. 

57. Two great circles of a sphere crossing each other, 
divide each other into two equal parts or semicircles. 
In Fig. 8, each of the great circles P f i>j Q, « T E, di- 
vide each other into two equal parts or semicircles ; the 
former into <y>P:C= and :^pf)py the fatter into ::^ Q T 
and op E ^£^, 

58. Distances on a sphere, and the hreadth or length 
of figures on its surface, are expressed in degrees of some 
of the cifcles drawn on its surface* 

59. When a sphere revolyes, like a top ginning, 
turning on i^lf withont moving out of its ^nation, 
this is tffined r&taiUm on its tuns. Hie axis is the 
diameter ahout which it hitates, which doe» not shift 
its pofdtion, while the other parts describe circles 
around it^ * 

60. Hie two extremities of the sips are termed poles 
of the sphere. ., 

61. The extt^mities of a diametet at ^ght angles to 
the plane of a great circle are sonj^tiflates termed the 
POLES of that great^wcle; Zn Fig. I^P p are the poles 
of the great circle E <Y> c Q j ZN, the poles of the great 
circle H «Y* O :^. 

62. The poles of a great dfele are eaeh.of them W* 
disfcant from that circle. That is, if « greaib cijrcle be 
drawn through the poles of a^y great circle, cutting the 
latter, the part of the former between eaph pole and the 
aecond great circle will be 90% or l-4th o^ the whole 
eircumference. In Fig. 8, the arcs P a e, F d <Y), be- 
tween the great circle E <y> Q, and its pole P, are arcs of 
90^ each. 

63. A SPBBROID is a figure like a sphere, but having 
its sar&ce flattened at the two extremities of one of its 
diameters, like an orange. That diameter is the shortest, 
and the diameter at right angles to that one is the longest 
diameter, of the spheroid. 

64. Apparent motion is the apparent change of a 
body's position, arising, not from a real motion of the 

a2 
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body, but from aa actual change in the position of the 
observer. It is sometimes termed relative motion, 

65. Real motion is when the body which appears to 
move actually does change its position. This is some- 
times termed absolute motion, 

66. A person moving along a road in a carriage has 
real or absolute motion ; while the change of position 
he observes in the trees, houses, &c., is only an apparent 
or relative motion of these objects. 



CHAPTER II. 



THE FIXED STARS. 



67» The fixed stars are those stars which preserve 
without material change the same relative position to 
each other. 

68. That is, any fixed star will be found at all times to be 
nearly at the same distance from any other fixed star, and to 
form the same angle with any other two fixed stars. There- 
fore they always preserve the same arrangement or figure. 
They present the same general appearance to us as to the 
ancients, thousands of years since. 

69, The** fixed stars'* are not absolutely fiLsed. Many 
of them do change their positions in relation to each 
other. But this change, called their proper motion^ is 
very slight ; so much so, that it must go on for thousands 
of years before it amounts to a change in position sen- 
sible to the naked eye. 

70. AacTURUS moves north about 2" yearly, that is, 
1' in 30 years, or 1® in 1800 years. He thus requires nearly 
2000 years to move north so much as 1 -360th part of a great 
circle of the heavens. The two stazs 61 of the Swan shift 
their position ahout 5"^ annually. 

71. The fixed stars have a slight apparent motion, 
arising from the precenion qfihe equinoxes ; which see. 
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72. These two motions conjoined occasion what is 
termed the annual variation in the position of the fixed 
stars. — See the Nautical Abnanac. 

73. The fixed stars are so named in contradistinction 
to the planetary or cometary stars, which are seen to 
be in continual motion from one p^ of the heavens to 
another. 

74. All the stars usually seen In the heavens by the 
naked eye are fixed stars, excepting five, and an occa- 
sional comet. — See Par. 8. They may be distinguished 
from the planets and comets by their property of twink- 
ling^ that is, alternately expanding and contracting their 
rays. The planets shine with a steady equal light. 

75. Very little is known regarding the fixed stars. 
We can judge of their relative brightness, we can ascer- 
tain the direction and velocity of their apparent daily 
motion round the earth, and any other motions they ex- 
hibit, and we can determine that they are at not less 
than a certain distance from us. But we do not know 
their actual magnitude, nor their actual distance from 
the earth. 

76. We have no knowledge of their size, for, even 
when viewed through the telescope, they present no disc 
otr surfiue, whose breadth can be measured. Even by 
the aid of this instrument, they appear, as to the naked 
eye, brilliant shining points, more bright and luminous. 

77- The different roagnitndes which the fixed stars pre- 
tent to us, may arise from their different distances, difibrent 
degrees of brightness, or from actual differences in magni- 
tude : being ignorant of the two former, we have no data 
for judging of the latter. 

78. From the great brilliancy of Sirius, the dog-star, it 
has been calculated that it cannot be less than twice, and 
may probably be fourteen times as bright as the sun. 

79. We have no knowledge of the actual distance 
of any of the fixed stars ; for no one has yet been found 
which gives a sensible parallax* with the diameter of 

* See Parallax. 
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the earth's orbit, a distance of 190 millions of miles. 
It can be shown from this, that the distance of the nearest 
of those whose parallax has been attempted, cannot be 
less than 19,200,000,000,000, that is, upwards of 19 
millions of millions of miles. 

80. It if most probable that many of tbe fixed stars are at 
distances infinitely greater than this, being rendered visible 
to us from their immense magnitude and brightness. The 
above distance is so great, that light, which travels at the rate 
of 192,000 miles in a second, must require at least three 
years to come to the earth ftom the nearest fixed star ; and 
the rays which reach us, therefore, have proceeded from the 
star at least three years previously. 

81. The fixed stars are supposed to be suns, having 
planets revolving round them, which they preserve in 
their orbits, supply with heat and light, and thus render 
fit to be places of abode for living beings. 

82. It is considered that they are independent systems, 
not subservient to our universe, much less to our eardi ; be- 
cause they shine from their own light, because from their 
great distance their influence on the solar system must be 
very sligfat, and because it is improbable that bodies of the 
magnitude which their distance shows the fixed stars to pos- 
sess, are subsidiary to our comparatively small system. That 
the stars shine by their own inherent light, not by reflecting 
the sun*s rays, is shown by their enormous distance from 
that luminary. 

83. The fixed stars are arranged according to four dif- 
ferent principles. 

1. According to their brightness. 

2. In constellations. 

8. According to their situation in the heavens. 
4. According to their kind, so far as that can be dis- 
covered. 

1. Division of the Stars according to their Brightness, 

84. The fixed stars are divided according to their 
brightness into classes, termed magnitudes. The bright- 
est are said to be of the^r^^ magnitude, the next in point 
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of brightness, of the second magnitude^ and so on. With 
powerful telescopes, the range is continued down to the 
16th magnitude. 

85. There are about 20 stars reckoned of the first 
magnitude. Of these 11 are visible in Great Britain. 
SiBius, the dog-star, is the brightest of the stars of the 
first magnitude. 

86. There are about 60 of the second magnitude, 200 of 
the third magnitude, 1000 of the fourth magnitude, and 
nearly 20,000, including the seventh magnitude. Alto- 
gether, there are myriads, — infinitely more than can be 
reckoned. 

87. Seldom above 2000 are visible at a time to the 
naked eye. Those of the 5th and brighter magnitudes 
may, on a clear night, be discerned without the aid of a 
telescope. 

88. The milky way is composed of innumerable stars, 
whose average brightness is about the 11th magnitude, 
and whose joint light is therefore separated only by very 
powerful telescopes. 

89. Every increase in the powers of the telescope brings 
new stars into view, and as their distances are so great, it is 
possible that there may be myriads of stars so remote from 
our system that their light has never reached the earth, though 
they may have been created at the same period as our system ; 
whUe others, whose Ught still reaches us, may have been long 
since extinguished. There is no reason to suppose that the 
boundaries of the sidereal system (if it have a limit) are 
within reach of even our most powerful telescopes. The 
most remote of the stars which the best telescopes bring into 
view, may owe their apparent minuteness not to inferior 
magnitude, but to immense distance ; and, perhaps, an ob. 
server at the furthest of these would find the same appearance 
as we do, star beyond star in countless myriads and at incon- 
ceivable distances, of which it baffles the mind to form any 
adequate conception. 

2. Arrangement of the Fixed Stars in Constellations, 

90. A CONSTELLATION, in astronomical language, sig- 
nifies a collection of adjoining stars, separated from the 
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others by an imaginary line, and included under one 
name, expressive of some figure which the leading stars 
in the constellation are supposed to resemble. 

91. The stars in each constellation are named accord- 
ing to the letters of the Greek alphabet, — ^the brightest 
being termed a (alpha), the first letter ; the next bright- 
est jS (beta), the second letter, and so on. When there 
are more stors in the constellation than there are letters 
in the Greek alphabet, the remainder are indicated 
by numbers. The leading stars in the constellations have 
usually some name applied to each, as Sirius, Arcturus, 
Aldebaran, Vega, &c. 

The following figure will explain what is meant by a 
constellation. — See next page. 

92. At the top is observed a cluster of stars disposed 
within the figure of a small bear, which is surrounded 
by a line separating it from the adjoining stars. The 
stars within that line form a constellatioriy termed Ursa 
Minor, or the Little Bear, 

93. In the same figure are seen parts of other constel- 
lations — ^the Great Bear (Ursa Major), the Dragon 
(Draco), the Camelopard, the hand of Bootes, and, 
near the Little Bear, the feet of Cepheus, 

94. The constellations are arranged in three divisions, 
the Northern, Southern, and Zodiacal constellations. 

95. The zodiacal constellations form a belt round the 
heavens, termed the zodiac. 

96. The northern constellations are those on the same 
side of the zodiac as the north pole-star, lying around 
that star. — The southern constellations are those farther 
south than the constellations of the zodiac. 

97* The north pole-star is the brightest star in the 
constellation termed the Little Bear, at the tip of its tail. 
It is marked P S in Fig. 9. The north pole-star is easily 
found out, by means of the well-known seven bright 
stars commonly called the Bear, the Plough, or Charles* 
Wain, These stars are seen in Fig. 9, about the lower 
half of the right hand side. If, when these stars are in 
any position, a line be drawn through the two (jS and a) 
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fiirUmt horn the Uil, and produced in a direction from 
tlu limbs of the tuiiiiutl, that line will pass close to the 
north pole-star, at about four timea the distance from 
the Bear of these stars from each other. These two slaiB 
are termed " the pointers." 

S8. In the above figure, this line ie represented, drawn 
thnmgh the stars )3and a, of the Bear, and passing close 
to PS) the north pole-atar. 

09. The north pole-star is a star of the second magni- 
tude. It is not precisely on the north pole of the 
beavena, hot a little distance (about 1° 32') ftom the 
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true north pole. The north pole is the small circle, 
like the sign for a degree, marked P in Fig. 9, 

100. The division of the stars into constellations, as at 
present arranged and named, is very ancient. 

The position and method of finding several of the leading 
stars and constellations will be described in Par. 119, &c. 
under the next subdivision. 



8. Arrangement of the Flawed Stars according to their 

Position in the Heavens, 

101. It is necessary, for astronomical puiposes, to be 
able to define the exact position of the stars in the hea- 
vens. This is done by taking certain fixed points or 
lines, and marking the distance of each star &om these 
points or lines. 

102. For this purpose, the snrfiice of the heavens is 
regarded, as it appeals to us, as a concave sphere, and an 
infinite number of lines, crossing each other, are supposed 
to be drawn vpon ii. These lines are divided into de- 
grees, numbered from certain fixed points ; and by ob- 
serving the positiott of a star on these lines, where two 
of them cross eaeh other, its situation can be determined 
w%h gretlt piedfflOB. This is illustrated by the following 
figure. 

1^. Two points are taken in the q)here of the heavens, 
one close to the north pole-49tar, the other at the opposite 
extremity of the diameter passing through the first point. 
These are represented by N and S in Pig. 10. The first, 
N, Is termed the northern polb of the heavens ; liie 
second, S, the southern pole of the heavens. These 
are the primary fixed points. 

104. An infinite series of great circles is supposed to 
be drawn on the sphere, all passing through the two 
poles. These are represented in Fig. 10 by N E S, N e S, 
NdS, NcS, Nr S, NQS ; only one half of each being 
seen in the figure. These are termed hour-oircles. 

105. A great circle, at right angles to these hour- 
circles, and at equal distances from each pole, is termed 
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TK» BgniirocrniL. It is 90° from each p»le, amd b w- 
pnaented by the line E Q, in F^. 10. 

106. Aaeriesof amaUiurcleaftre st^^Msed to be drawn 
north md aoath of the eqainoctisl, aai parallel to it, 
lying between it and wwb pole. These are repreaented in 
Fig. 10 by ZA, ko, &c., north of the equinoctial, and 
9 15, a 6, mn, &&, south of the equinoctiaL Theoe 
ciitileH are termed pulaujui of deoumation. 

107. All these oiiclea aw mppoaed to be divided into 
degrees, minutes, And seeonda, as described in Par. 44. 

108. In any hour-circle then will be an arc of 00 de- 
grees between the point where it crosses the equinocUal 
and either pole, and that are will be crowed by every 
parallel on the same side of the equinoctial. Accordingly, 
each paratlei is named by its distance north or south from 
the equlooctial, measured by the number of degrees along 
an hoar-circle which it is distant front the equinoctial. 
Thus, from E by Z to N is 90= of the hour^ircle N E S Q, 
The first parallel ahovm north of E Q crosses N E S Q at 
16° from EQ; that parallel (I6JI5) is therefore Ifi" 
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north : its distance north of E Q, is termed its north de- 
OLiNATiON ; and every point in that parallel^ as dy being 
at the same distance &om E Q, has the same declination. 

109. The point c is in north declinatum 30°, the point e in 
south declination 30°. See also Fig. 8, page 16, in which P p 
are the poles ; £ T Q, the equinoctial ; Z c2 T, A a H, O A B, 
parallels ; P a 0, P T p, hour-circles. In that figure, the arc 
e a is the north declination of a ; the arc T d, the north de- 
clination ofd; £ B, the south declination of B. 

110. The equinoctial circle is in like manner diyided 
into 360 degrees, &c., which are numbered firom liie 
point where it is crossed by the hour-circle which passes 
through the first point of the sign Aries. This point is 
called the equinox, and is represented at 860, in the 
middle of the line E Q, in Fig. 10. It is usually marked 
by the sign <y^ . — See Fig. 8. Every hour-circle crosses 
the equinoctial, and each is named according to the de- 
gree, minute, &c., where it cuts the equinoctial. The 
distance of an hour-circle from the equinox is termed 
its bight ascension. Thus, the hour-circle N r S, cross- 
ing the equinoctial at 45° from the equinox, any point 
in that half (N r S) is said to be la right ascension 45^* 

111. Thus, by knowing the parallel of declination and 
hour-circle in which a star is situated, we know its 
precise position, as every parallel crosses every hour- 
circle. 

112. In Fig. 8, page 16, if P and p represent the poles 
<^ the heavens, and £t£Q the equinociialj the number 
of degrees from e io a will be the declination north of the 
point a, and its right ascension will be the number of degrees 
horn T round by £, «^, and Q, to «, T^being the equinox, or 
point in the equinoctial firom which the degrees are reckoned. 
In Fig. 10, the point c is in right ascension 30°, north de^ 
cHnation 30° : the point d in right aseension 315% north 
declination 15° ; and so on. 

113. R. A. is the contraction used for right ascension ; 
D. N. declination north ; D. S. declination south. 

114. The distances £rom the equinox are sometimes 
reckoned in hoursy each hour consisting of 15 degrees. 
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and being divided into 60 minutes. In Fig. 10, above the 
line E Q, the degrees are marked alternately in hours and 
degrees : thus, commencing at the equinox, we have 
first 15°, next 11 hours (30°), then 46°, then IV hours 
(60°), 75°, VI hours (90°), &c. 

115. The degrees of right ascension are reckoned 
eattward from the equinox, all the way round from 0° 
to 860° : that is, in the direction from the head to- 
wards THE TAIIi of the GREAT BEAR, wheU that COn- 

stellation is between the pole-star and the horizon, 

116. The places of the sun and planets are expressed in 
the almanacs by stating their right ascension and declina- 
tion ; as in Vi^hite's Ephemeris, the Nautical Almanac, 
or Oliyer and Boyd's New Edinburgh Almanac. Thus, 
in the latter, for 1842, the situation of the planet Venus, 
on November 1st, is Dec. S. 27° 46' (declination south 
twenty-seven degrees forty-six minutes), and B. A. 
17b- 28™- (right ascension seventeen hours twenty-eight 
minutes). 

1 17. The student is here strongly recommended to make 
himsdf acquainted with the right ascension and declination 
of several leading stars, so that he knows thoroughly and can 
trace out ibr himself, on viewing the heavens, the position of 
the leading hour-circles and parallels. A very little attention 
at first will easily enable him to do this ; and when he has 
thus got a knowledge of some of the leading lines by which 
the positions of the stars are defined, and an idea of the ex- 
tent of the heavens indicated by a given number of degrees, 
he will find it very easy to discover the following stars and 
constellations; as well as any other star or planet whose 
R. A. and Dee. he knows. 

118. The following are several of the leading stars and 
constellations, with instructions by which they may be easUy 
found out by the learner. 

NORTHERN CONSTELLATIONS. 

119. The Great Bear (Ursa Major) is well known. 
Its seven leading stars are in the body and tail of the figure. 
The greater part of this constellation is shown in Fig. 9. 
Its brightest star, one of the pointers, marked a in Fig. 9, 
and termed Dubhe, is in R. A. 10^* 53n*', or about 163° ; 
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and D. N. 62® 37'. The star at the tip of the tail, called 
Benetnasch, is in R. A. 13^* 41™-, or about 206° ; D.N. 
50° 7'. 

120. Upon the other side of the Little Bear, but nearer to 
it, is an irregular cluster, which have been thrown into a 
male figure called Cepheus. The feet of Cepheus are seen 
in Fig. 9. 

121. A line drawn from about the middle of the tail of 
the Great Bear through the pole-star, and prodaoed nearly 
as far on the other side of that star, will termiiiate in the 
constellation Cassiopeia, or Lady in her Chair. The 
principal stars in this constellation are five in number, and 
arranged somewhat like the letter W, but straggling, and 
with one angle shorter than the other. Cassiopeia k one of 
the constellations in the milky way. 

122. A straight line from th» pole-star, perpendicular to 
the line joining the pointers and pole-star, and on the same 
side of that line as the head of the Great Bear, passes through 
a very bright star, Capella ; about twice as far from the 
pole-star as the pointers. This star is in B. A. 6^ 4P^, at 
about 76° ; D. N. 45° 49'. This is the brightest and most 
northern of the leading stars in the constellation Auriga, 
or the Charioteer. The principal stars in this constellation, 
along with one of Taurus, form an elongated five-sided 
figure, stretching from north to south, and very well marked. 
Capella does not set in Great Britain. 

123. Between Capella and Cassiopeia, but frirther sonth, 
is the constellation Perseus. Three of its leading stars 
form a gentle curve. 

124. A straight line from the pole-star, in the direction 
nearly opposite to the line cutting Capella, leads to another 
very bright star, Vega, the principal star in the constellation 
LyRA. Vega is in R. A. 18^ 31"»-, or about 277°; and 
D. N. 38" 38'. This star does not set in Great Britain, just 
skirting the horizon. 

126. East of Vega, in R. A. from 20*»- to 21'»-, and D. N. 
about 33° to 47°, are seen four bright stars, three nearly in a 
line, and one above the middle of the three : these are the 
principal stars in the constellation Ctgkus, or Swauy which 
lies in the milky way. 

126. A straight line from the pole-star, passing near the 
star in the tip of the tail of the Great Bear, and twice the 
distance of the tail from the pole-star, cuts Arcturus, a 
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very bright star, of a distinct reddish colour, the principal 
star in the constdQation Boot e s, or the Huntsman, Arcturus 
is in R. A. U^ m- or about 212*' ; and D. N. 20° 1'. 

127* A straight line south from Cassiopeia, and nearly at 
right angles to the line joining Cassiopeia and the Swan, will 
pass near a large square of four stars ; the furthest north and 
brightest of which is Alphorat, the principal star in the 
constellation Akdromeda ; whOe the other three of the 
square are part of the constellation Peoasus. The star 
Alphorat is in R. A. 0^ 0°"- 4'-) about 0°, that is, on the 
hour*circle carossing the equinox ; D. N. 28° 12'. It is on 
tho eye of Andromeda, which constellation stretches east. 
ward across the heavens towards Perseua^ from Alphorat. 

128. The constellation Cassiopeia has nearly the same 
R. A. as Alphorat ; or rather between 0^* and 1^* eastward. 

129. Between Arcturus and Vega, but considerably nearer 
Arctorus, is a half circle of stars, termed Coroxa Bo- 

BSAU8. 

130. South-east of CoaovA lies the great constellation 
Hbbcxtles. 

ZODIACAL CONSTELLATIONS. 

ISl. Theile are twelve in number,, and encircle, the 
beavens like a belt. They are named A&ies, the Bam ; 
TAimus, the Bull ; Gemini, the Twins ; Cancer, the 
Crab ; Leo, the Lion ; Virgo, the Virgin ; Libra, the 
Balance ; Scorpio, the Scorpion ; Sagittarits, the 
Archer ; Capricornus, the Goat ; AQUARits, the Wa- 
terman ; Pisces, the Fishes. The consftellations of the 
zodiac do not nae high above, nor sink &r below the 
horijBon in Great Britain. 

132. The sun, moon, and principal planets, are always 
found !n some of the constellations of the zodiac. 

133. The brightest star in Aries is in R. A. i^- 58°^-, 
about 29°; D. N. 22Mr. 

134. Aldebarak, the brightest star in Taurus, is in 
R. A. 4^- 26°»-, about 66° ; and D. N. 16° 10'. The Plei- 
ades, or seven stars of Taurus, are in R. A. about 54° 30', 
and D. N. 23° 30'. 

135. Castor and Pollux, the brightest stars in Ge- 
mini, are very near each other ; Castor, in R. A. 7^ 24"^*, 
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orabout U l^" ; and D. N. 32^" 14': Pollux, in R. A. 7^ SV"*, 
or about 114''; and D. N. 28*" 24V 

136. There are no very prominent stars in the consteUa- 
tion Cancer. 

137* Reotjlxtb, the principal star in Lxo, is in K. A. 
gh. 59m. about ISO*" ; D. N. 12° 45'. The leading stars in 
this constellation form a figure like a sickle^ of which Re. 
gulus is in the handle. This great constfiUation is nearly 
due south of the Great Bear. 

138. Spica, the brightest star in ymoo, it in R. A. 
13^ ]6m*,oraboutl98*'; andD.S.(decUnatlon«oiidi) 10*19'. 

139. The constellations Libra, Sgoilpt9, Saoi TTAnnis, 
are seldom seen in Great Britain. 

140. Aquarius is south-west of Pegasus ; Piflciia, south 
and south-east of Pegasus. There are no Tery bright stars 
in these constellations. 

SOUTHERN 00N8TELLATI0NS. 

141. The only southern constellations of interest that are 
frequently visible in Great Britain are, Oriok, Cakis Mi- 
nor, and Canis Major : these constellations lie due south 
of Capella and Gemini, and are very prominent in the 
heavens during our winter. * 

142. Orion is a large prominent figure, a little east of 
due south from Capella. It is in the form of a four-sided 
figure, considerably elongated from north to south. In the 
middle are three stars, lying in a south-east and north-west 
direction, usually termed Orion*8 Belt. Beteloeux, 
the brightest star in Orion, is in the north-east angle. It is 
of a distinct reddish colour. It is in R. A. 5^ 46™*, about 
87' ; in D. N. 7* 22'. 

143. SiRius, in the constellation Canib Major, the 
greater dog, and the brightest of the fixed stars, is south- 
east from Orion, in R. A. 6^* 38°^, about 100% and D. S. 
16"* 30'. The Pleiades, Aldebaran, Orion*s Belt, and Sinus, 
are nearly in one straight line. 

144. Procyon, a star of the first magnitude, in the con- 
stellation Canis Minor, or lesser dog, is nearly due south 
from the Twins, and due east of Betdgeux. Its R. A. is 
7^- 30°»-, about 112° ; its D. N. 5° 37'. 

145. The Milky Way, another prominent object in the 
heavens, lies between Procyon and Smius, passes north- 
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west between Gemini and Orion, nearer Orion, through 
Auriga, south-west of Capella ; then continues in the 
same direction successively through Perseus, Cassiopeia, 
and C YON us, and south-west, splitting into two divisions 
south from Cygnufi.* 

4. A rrangement of the Stars according to other Differences 

than their apparent Brightness or Situation, 

146. Considered with respect to other difiSsrenoes than 
their situation or brightness, the fixed stars may be 
divided into six kinds : — 1. Ordinary fixed stars ; 2. 
Temporary stars ; 3. Variable stars ; 4, Double stars ; 

5. Nebule ; 6. Qusters of stars. 

I. ORDINARY FIXED STARS. 

147* These are the stars which, either to the eye or in 
the telescope, do not present any peculiar phenomenon, 
such as variation in lusti-e, motion, nebulous appearance, 
or are not aggregated with any other stars in a distinctly 
separate cluster. This is the case with a laige propor- 
tion of the fixed stars. 

II. TEMPORARY STARS. 

148. These are stars which have appeared for a limited 
time, and then disappeared. Many stars, given in old 
catalogues, are not to be seen now ; and on several oc- 
casions, in various parts of the heavens, new stars have 
suddenly come into view, and disappeared at longer or 
shorter intervals, shining with various degrees of brilli- 
ancy during their short career. 

149. It is said that it was the sudden appearance of a new 
and bright star in the heavens, about 125 B. c, which led 
the illustrious ancient astronomer Hippakchus to the idea 
of making a catalogue of the stars, which he did. Some of 
these, which have appeared at different periods, are conjec- 
tured to be periodical in their visitations, especially the stars 
of 945, 1264, and 1572, which appeared in the same region 

* See Six Maps of the Stars, published by the Society tot the 
Diffusion of Usenil Knowledge. 
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of the heavens, and have heen thought to be the same star 
with a period (Mf about 300 years. 

lU. TARIABLE STARS. 

150. The yaiiable stars present the singular pheno- 
menon of a change in their brightness ; thej undergo a 
regular alternate increase and diminution in their lusbre ; 
and several altogether disappear for a time. They are 
sometimes termed periodical. 

151. The second star, /3, in the constellation Pebseus, 
is a variable star, the phenomena of which are visible to the 
naked eye. It is just on the margin of the milky way, on 
the side of it farthest from the north pole-star, and about the 
same distance from that star as Vega. It is in R. A. 45*, 
D. N. 40**. It may be found by drawing a line fVom the 
pole-star in the direction of the letters Pevy in Fig. 9, page 
23. 

'^ This star, named Alool, is usually visible as a star of 
the second magnitude, and such it continues for the space of 
2d. i4h.^ when it suddenly begins to diminish in splendour, 
and in about 34 hours is reduced to the fourth magnitude. 
It then begins again to increase, and in 34 hours more is 
restored to its usual brightness, going through all its changes 
in 2^ 20*»- 48™" — Herschel. 

152. This smgular and regular change in the bright- 
ness of the variable stars, is attributed to the revolution 
of some body round them, sufficiently large to cut off a 
portion of their light when interposed between the earth 
and the star, though not of sufficient magnitude to eclipse 
the star altogether. 

153. The following are some of the leading variable stars 
visible in Great Britain, (i (beta) of Perseus ; ) (delta) of 
Cepheus ; (beta) of Lyra, a little south from Vega ; • 
(alpha) of Hercules ; « (omicron) of Cetus. These have 
periods varying from about 3 to 334 days, that of omicron of 
Cetus. The latter is one of those variable stars which dis- 
appear altogether for a time. It is called Mira, is a star 
of the second magnitude when at its brightest, in R. A. 
about 32" or 2^' 10™-, and D. S. between 3» and 4*. It ii 
nearly due south of the leading stars in Aries. 
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IT. BINARY STARS. 

154. Binary stars are those stars which, on examina- 
tion with the aid of a powerful telescope^ and observation 
for a considerable time, are found to consist of two stars 
nearly equal in ^parent magnitude, and having a revo- 
lution round each other. 

155. This great discovery was made by Sir William 
Herschel, towards the close of the last century. It 
was first publicly announced in papers read to the Royal 
Society of London in 1803. 

156. About forty binary stars have been discovered, 
and the periods of revolution of many of them have been 
determined. In Castor, which is a binary star, the re- 
volution is completed in 252*6 years. In a binary star 
in Corona Bore^is the orbit is completed in 43*4 years ; 
and therefore a complete period has in this instance been 
gone through since the discovery by Sir W. Herschel. 

157. The following aie some of the most remarkable of 
the binary stars : y (gamma) of the constellation Virgo ; 
n (eta) of Corona ; n (eta) of Cassiopeia ; y (gamma) of 
Iieo ; t (delta) of Cygnus ; y (gamma) of Andromeda. 

158. The binary stars are often coloured, each being 
of a different hue ; and they usually exhibit those tints 
which are called complementary, as blue and yellow — 
red and green. 



159. The phenomena of periodical and binary stars 
seem to indicate that among the fixed stars there are 
the same general laws which prevail in our solar system ; 
for wherever we observe motion in an orbit, there we 
mnst infer the existence of some force analogous to that 
of universal gravitation. 

160. Stars of nearly equal magnitude, and placed 
close to each other, but in which no revolution has yet 
been detected, are termed double stars. Of these, 
there is a very great number. 

B 
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Y. NEBULAB. 

161. Nebulae are faintly luminous stars, different from 
either of the preceding varieties. The leading kinds are 
two : — (1.) Those which are resolved by powerful tele- 
scopes into a collection of separate stars, densely crowded 
into one luminous mass in the centre, but becoming scat- 
tered and separate towards the borders. These are re- 
garded as systems of suns, — as a whole world of stars, 
separate irom other systems ; the individuals of which 
are probably suns, at as great distances from each other 
as from our system. 

162. (2.) Another kind of nebula, to which the term 
nebula is most usually applied, is that in which the star 
appears a thin cloudy mass, of that fleecy appearance 
observed in the tail of a comet. The latter nebulae, it 
has been imagined, may be gaseous matter in the {Ht>- 
cess of formation into sims with their attendant planets ; 
perhaps a condensation of the ethereal matter which is 
conjectured to be diffused tlirough space. 

YI. CLUSTERS OF STARS. 

163. Where there are a number of stars gathered 
together, apart from the others, and forming in a man- 
ner an isolated group, they are termed a clustery and are 
considered to belong to some system separate from the 
general body of the stars. 

164. The Milky Way, the Pleiades, Coma Bebb- 
NicES, are examples of these clusters. The milky way 
owes its light to myriads of stars closely crowded to- 
gether, of which it is found to be composed, when viewed 
through powerful telescopes. 

165. The stars are supposed not to be scattered indis- 
criminately through the heavens, but to be arranged 
according to a definite order, of which some glimpses 
have been obtained. Our star, the sun, is supposed to 
belong to that cluster which tbrmsthe milky way, being 
placed near the middle of it. 
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CHAPTER m. 

THE SOLAR SYSTEM. 

166. The solar syston condsts of certain <^ the hear- 
enly bodies which are connected with the sun, and form 
a system by themselves^ apart from the others. Hiey 
are termed '' the Solar System," from '' SoV the Latin 
word for " the sun." 

167. The SvKy Planets, Satellites, and Comxts, 
eonsUtnte the solar cfystem. 

168. The connexion between these bodies is this : — 
The planets and comets reyolye round the sun in regular 
periods of time, receive heat and light &om him, and 
are preserved by his action in their proper paths around 
him. The sat^tes revolve round some of the other 
planets, are carried with them round the sun, and also 
receive heat and light from that luminary. 

169. The path, or course, in which any of the heav- 
enly bodies moves, is termed its orbit ; from 4he Latin, 
4irbUa, The orMts of the planets are ellipses ; the sun 
being in one of the f ooL 

170. The PLANETS are those stars which do not re- 
main in one spot, but are found ta change their poaitiMtt 
in the heavens. They are therefore termed planets, fix)m 
the Greek word o'Xavj^r)^ signifying a wanderer. They 
are so named in contradistinction te the fixed stars^ 
which preserve their relative positions unchanged; 

171 • Their motion round the am is in the same di- 
rection as that of the earth, from wut by south io^^mt ; 
they also revolve on their axes, and this motion likewise 
is performed in the same direction — ^from west to east. 

172. The planes of the orbits of the planets are not 
much inclined to that of the earth's orbit ; but all 
are inclined to it in some degree, so that one-half of a 
planet's course lies north of the plane of the earth's 
orbity — ^the other half, south of it. In consequence of the 
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various orbits being nearly coincident in their planes, 
the planets usually appear in one zone or belt of the 
heayensy called the zodiac. Excepting three of the 
asteroids, the planets are always seen among the stars of 
the constellations of the zodiac. 

173. The planets appear to be worlds like our earth. 
They are opaque, and dark in themselyes, but shine by 
reflecting the light which they receive from the sun. It 
is most probable that, like the earth, they are the abodes 
of animate beings. 

174. The planets at present known are eleven in 
number, viz. Mercury, Venus, the Earth^ Mabs, 
Vesta, Juno, Ceres, Pallas, Jupiter, Saturn, and 
Uranus. These are sometimes termed primary pkmeU. 
Of these, four very small planets, recently discovered, 
and all very near to each other, are termed Asteboids^ 
— namely, Vesta, Juno, Ceres, Pallas. 

175. The Satellites are those smaller planets which 
revolve round several of the primary planets as a centre 
— such as our moon. They are sometimes termed moon* 
or secondary planets. The term ** satellite" is taken 
from the Latin word satelles, a guard or attendant. 

176. The satellites also, for the most part, revolve in 
the same direction as the planets — ^from west to east. 

177. The satellites at present known are eighteen in 
number. The Earth has one, Jupiter four, Saturn 
seven, and Uranus six. 

178. The Comets also revolve round the sun ; but the 
paths they describe are elongated ellipses, or parabolas, 
remote from the circular form ; they are not always in 
the zodiac, as the most of the planets are ; and do not 
appear to be of the same solid substance as the primary 
and secondary planets. They have generally a some- 
what fleecy or hairy appearance, from which the name 
** comet " has been applied to them, being derived from 
the Greek word " Ko/iri " (kome), signifying " hair." 

179. The following figure, 11, represents the solar sys- 
tem , showing the comparative distances and magnitudes of 
the planets. In order that the whole may be included in a 
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oriib tf llw pluBt HXXCVKT, Md ni^ it ii the M 

kar lign ] then fiillDw* Hot of the V^^tb. These Lbree 
oiWh •!• npnMnlcd endie^ Of A* ^D^n orblu, put is 
rat «^ iMi of (Mil iMlng dunm m ,i$|i >UneL'« distance 
ftnm the nm U gieata. TIwDMiie n4vIgR of each planci 
■te niAad. TIu dottad (Inl^ llim Srom the uppa pan 
of each otblt to the Kil* Ul the ildo 4iaw, where they meet 
the Male, the eompanitlTe diMancM of the pkneti fruin thc 
■qh, and &om each othai. Tha flitl, marked O, ptoceedi 
feom the ann*! emitie ; tha lecond ihoiri the euth'sdlMMlce 
601a the sun, the thiid that of Harg, the fintith Qmt of 
Veala, and bo on. The numbcn on tha leak ahaw wk a 
gknce the dislancei aa eotapend with the tulfa^ illil«»i 11 
ftom the Eun j ai the diitmce hetween anj two ^'^ [^'*'g 
nninbenis [he game U that from to 1, the eaith*! dlHsMe, 
which li thus taken a* tha unit of di*tanee. 

ISO. The curred dotted line* lepcetent Qm nblli of 
comet*. The smaUet, which ia complete, exhlhlta Sm otbit 
of the comet of Biela. The other ii inttodRCod to flbe- 
ttate the very elongated fbim of the ocbiti of aone nuEta : 
it muat not be regarded m acennte in it* pnpertlon*. 

IBl. It muit be obierred that while the luupu i tl twie 
dlitHieei of the planets from each other and ftom tha inn 
He preserved, and alto the prop o rtioo* which tha plcoeta 
faeai to each other in magnitude, — Iht /oHowbtg proporhaiu 
are not exhibilid in the figure, vii. the propartlan at the 
nutgnitude of the aim to thai of the planets, and lh« pnfnr- 
tiona of the magnitude* of the snn and planets to the tbiIdu* 
othita. The sun's diameter ia aboat ten times that of Jo- 
piler, and less than one.«ightieth of the diameter of the 
nearest planet, Mrtcuij. The saleUiles also are too near. 

183. The fbllowing figure (see Fig. 12] win convey some 
idea of the relalive magnitudes of the sun and ^nets. 
The while line at the right is the sun's radius, or aemidia. 
metei ; the figures next it represent Che leading planet* in 
the fbllowiug order, commencing at the bottom : — Saturn, 
Jupiter, Uranus, the Earth, Venus, Man, Utteiay. The 




wo white circles in ihe middle of the figure eihibii the pro- 
portional msf^itudes of the earth and Hi^ moon. Tlie die. 
taniea from the «un are shown at the left side. The radiited 
figure ai the left earner at (he boiiom ii ihe bud ; the white 
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dots at the lower ends of the white linei lepment the phm- 
etfly at their proportioiiAte distanoet from the swi, the aign 
of each planet being at the other extremity of the white 
Hne. 

183, The white lines exhibit the inclinations of the oibiu 
of the planets to that of the earth ; the lower or left-hand 
line representing the plane of the earth's orbit. These need 
not be attended to at present 

184. The proportion of the magnitades of the son and 
planets to that of the orbits is not exhibited in Fig. 12. 



SECTION I. 



GENERAL ASTRONOMICAL TERMS AND EXPLANATIONS. 

185. Orbit of a heavenly body. See Par. 169, page 35. 

186. The ExcENTRiciTY (from e^yOut of, and eerUrum^ 
the centre) of a planet's orbit is the distanoe from the 



Fig. 13. 




centre of the ellipse 

in which it reyolyeato 

either of its foci (see 

Par. 51, page 15). In 

the adjoining figure, 

if ABDE represent A 

the orbit of a planet 

or satellite, if C be its 

centre, and S F its foci, 

then tiie distance G F 

or C S will be the excentricity. 

187. As the minor axis (B £, Fig. 13) of an ellipse 
increases, or the nugor axis decreases, the foci (S and F) 
draw nearer to the centre and to each other ; the excen- 
tridty (C S or C F) lessens ; and the figure approaches 
to that of the circle. When the major and minor axes 
are equal, the foci and centre coincide, and the figure is 
a circle. 

188. In the case of the planets and satellites the two 
axes are nearly equal, the excentricity is small, and the 



KLMMEKTB €9 AflnMlMMtT* 41 

oirbitSy ihorefoiey wan nesrty oiieular. In the oibits o^ 
the oofmetsy the minor axis is eonsiderably less tium the 
major axis^ the excentrieity great, and tiie ellipse elong- 
ated. See figure of the solar system in page 37* 

189. A planetfs greatest distance from the sun is when 
it is at the extremity of the major axis furthest ficom 
that luminary — ^its least distance when at the other end, 
that nearest the sun. And the difference between the 
least and greatest distanoes will be twice the excentri- 
city. In fig. 13 above, if S represent the sun, a planet 
is farther from the sun at D than at A by S F, t. e. C S 
and C F, or twice the excentricity. 

190. These two points in a planet's orbit, where it is 
at its greatest and least distances from the sun, are termed 
its APSIDES, from the Greek word a^ig (apsis), the 
curvature or bend of an arch. The point furthest from 
the sun (D, Fig. 13) is termed the aphelion : the point 
nearest ihe sun, perihelion (A, Fig. 13) : — from the 
Greek words ijXiov (helion), ** the sun," Acri (apo), from, 
and in^i (peri), around or near. 

191. The ecliptic is that great circle of the starry 
sphere in which the sun appears to move during the 
year ; or the path through the heavens which the earth 
would appear to describe, if seen fix)m the sun. It is 
called ** ecliptic," because eclipses occur when the moon 
is on this circle. If Fig. 8, page 16, represent the sphere 
of the heavens, P the north' pole, and p the south pole, 
the great circle H<y*0=2: represents the ecliptic. In 
Fig. 10, page 25, if N and S be the north and south 
poles, the straight line a o will represent the ecliptic. 

192. The zoDiAO is a belt of the heavens, about 
eighteen degrees wide, embracing about nine degrees 
north and nine degrees south of the ecliptic. See Par. 
131 and 132, page 29. It is caUed « Eodiac " from the 
Greek word zodiakos, which is from ZSov "an animal,'* 
because the constellations which it induded were mostly 
figures of animals. 

193. The ecliptic is divided into twelve equal parts of 
30° each, termed ^gns, or signs of the Zodiac; these are 
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in ^K IksvoB fim €he finl poBi 

«f 'Out api Jljvbs^ teosDed 4kp ntuwi, aad vmUj 
atsbd ^ in astnmandcaA wodkS. 

IML Thr nriTT rd* llir iirrrm iir nwrl liyihe 
ten&s jsid ZQi^ aoDe «rdBr w the onssnu 
die iso£kv » IB Var. ISU ?i^ 29 : litf Oe 
f— ■frthrTHMf fT tir jgf mtame dh arf 

mamm^beemutiBBtaimP^Mm; die acor TacvrB in the 
wtfiflifiwi ^rierj the scsi: Gonca in tiie 
Tmmrms; and so «d. — Se«* 

195. Tbe iz3aTH(iaAnliktesm)iBlliatpointof the 
Many qilieie whidi is papenticalBfy awtr liie head of 
iheobseiTcr. 

196. Hie XADOi (an Aidfaie teiBi) is liie poiiit of the 
heaTcns direcdj under the feet of the ohserrer, and 
fiametricaDy oppostfee to the aenith. 

197. The HQuaoar (from the Gi«^ H'^*"* tenninata) 
or jeanUf AorisoR, is the circle where llie earth and aky 
^ipear to meet, bonndipg or terminating the TJewaioflnd 
ns — the line whidi separateB the Tisible from the in- 
▼isible part of the sky. 

198. The UATiixsAL, or eekgtiai harvBom is the great 
ctrde of the heaTens pamllel to the sensible horiaon, 
bat pasang through the centre of the earth, and hayipg 
the zenith and nadir for its poles : being 9CP &om each. 

199. In Fig. 10, page 25, if the small black circle in 
the centre represent the earth, S a spectator on ita sor- 
iace, and the laige circle Z N Q n a £ the hearens^ then 
Z would be his zeniUi, n his nadir, the dotted line q v 
the plane of his sensible horiseony and ao the plane of his 
rational or celestial horizon, 

200. In relation to the heayenly bodies, the senaihle 
and rational horizon may be reckoned the same, as the 
distance ^m the earth's surfoce to its centre is nothing 
compared with that from the earth to the sun, planets^ 
or fixed stars. 

201. The MERIDIAN, or celestial meridian of any place, 
is that half of a great circle of the heayens which 
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through both poles and through the zenith of the place. 
Its plane is always perpendicular to the horizon. It is 
called ^ meridian^" because it is mid-day (meridies, Latin) 
when the sun is upon this circle. 

202. The half of a great circle drawn round the earth, 
through its north and south poles, is also, termed the 
joouDiAN, or terrestrial meridian^ of any place through 
which it passes. If the large figure in page 25 represent 
the earth, N and S its poles, then the semicircles N Z E S, 
N e S^ N ^ S, N c S, N r S, are meridians. 

203. The equatob of a planet is a great circle round 
ity at equal distances (or 90°) from its poles. It is de- 
riyed from the Latin, probably from aquus (equal), 
dividing the planet's sui^ce into two equal portions. 

204. The term is most usually f^plied in the case of 
the earth. The earth's equator is divided into S60 de- 
grees. These are numbered by the British from the 
point where the meridian of Greenwich crosses the 
equator, and are reckoned east and west, the numbers 
increasing from 0° to 180° each way. They are reckon- 
ed either in distance or time — in degrees or hours ; 15° 
corresponding to 1^* 

If Uie figure in page 25 represent the earth, N and S 
its poles, then the line £ Q, will represent the equator, 
and the figures under £ Q, represent the division of it 
into degrees. K o, its middle point, be the point where 
the meridian of Greenwich crosses it, the degrees are 
numbered east and west from that point, as shown by 
the arrows. 

205. The distance of any meridian, measured in de- 
grees from that of Greenwich, is termed its longitude, 

or TBRRESTRIAIi LONGITUDE. 

206. Parallels of Latitude are small circles on the 
earth's surface parallel to the equator, and whose planes 
of course are perpendicular to the earth's axis. Each 
parallel is named according to the number of degrees, 
measured along a meridian, which it is distant from the 
equator; and that distance is the latitude of any place 
situated on that parallel ; north latitude, or south lati- 
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tude, aecotding as the place is noirth or south of the 
equator. 

207. In Fig. lOy page 25, if E Q, he the equator, then 
the curved lines Zh, 30 cv, kOy 16dl5, arby 30ed0, 
m n, &c,, are parallels of latitude. 

208. Thus, parallels of declination and hour-circles 
on the heavens correspond to parallels of latitude and 
meridians on the earth— declination to latitude — bright 
ascension to longitude. 

209. The circle which would he formed on the earth's 
surfeuse, were it cut through hy the plane of the ecliptic, 
is sometimes also termed *^ the ecliptic." If Fig. 8, page 
16, represent the earth, P,|> its poles^ Q,£ is the equator, 
and H the ecliptic* 

210. The EQUINOCTIAL, or ce/^^ia/«gtia/or, is the great 
circle where the plane of the earth's equator produced 
would cut the heavens. In Fig. 8, page 16, if Pp he 
the poles of the heavens, the great circle Q,ecy>£:^ is 
the equinoctial. 

211. The EQUINOXES are the two points of the ecliptic 
in which it cuts the equinoctial. They are so called 
hecause the day and night are equal when the sun is 
in either of these points. The term equinox is from the 
Latin words cequusy equal, and noxy night. 

212. In Fig. 8, page 16, if Q, T E =0= be the equinoctial, 
and Oqp H d!^ the ecliptic, the points ^ and =:b, where 
these two great circles cut each other, are the equinoxes. 

213. The SOLSTICES are the furthest north and furthest 
south points of the ecliptic. In Fig. 8, page 16, if P be 
the north pole, and p tiie south pole, then H and O are 
the solstices, H the northern solstice, the southern. 
They are called solstices, from «o/, the sun, and stOy I 
stand ; as the sun apparently pauses in his course at 
these two points. 

214. The TROPICS are two small circles round the earth, 
parallel to the equator, and 23° 28' north and south of 
it. The northern is the tropic of Cancer ; the southern, 
the tropic of Capricorn. The tropics are the parallels 
"drawn through the north and south points of the ediptic 
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216. If Fig. 8, page 16, repres^t the earth, H the 
ecliptic, and Q, £ the equator, the circles A H and O B, 
drawn parallel to the equator through the north and 
south points of the ecliptic, are the tropics. In Fig. 10, 
page 25, the dotted lines k a and a b represent the tropics. 
The tr<^ies are so called firom the Greek r^e^o (trepo), 
I turn, as the sun changes \m course at the tropics. 
' 216. The FOLAR cotrolbs are two of the parallels 
round the earth, 23° 28' from each pole. The northern 
is termed the argtio oiroli;, the southern the antarctic 
CIRCLE. The polar circles are represented hy Ze^T, 
Bti N, in Fig. 8 ; and hy Z.h and mn, in Fig. 10. 

217« AsiMUTH oiBGLEs, OT VERTICAL CIRCLES, are great 
circles of the sphere passing through the zenith and 
nadir, and perp^idicular to the horizon. In Fig. 8, if C 
be the position of a spectator, and O H his horizon, then 
the circle ZhNmd is a rertical or azimuth circle. 
K Q£ be his horizon, Fdpv would be his azimuth 
circle. 

218. The ALTITUDE, height, or elevation of a heavenly 
object* is the number of degrees, minutes, &c. in the 
arc of the vertical circle between it and the horizon of 
the observer. — In Fig. 8, if the circle Q e £ be the hori- 
zon, and a any celestial object, the arc a e is its altitude^ 

219. The AZIMUTH of a celestial object is the arc of 
the horizon intercepted between the vertical circle pass- 
ing through the object, and the east or west point of the 
heavens. The term azimuth is of Arabic origin. 

220. Culminate. A celestial body is said to culmin- 
ate when it comes to the meridian of a place. The term 
southing is employed in a similar sense. The term 
euhniruUe is from the Latin culmen, the highest point — 
as a celestial object is at its highest above the horizon 
when it culminates. 

221. Apogee is the point in a planet's orbit where it 
is furthest from the earth. Perigee the point where it 
is nearest to the earth. These terms are from yn (ge), 
the earth ; a^^ (spo), from, and vt^i (peri), near, or 
around. 
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222. Poles. The term pole is applied to the ex- 
tremities of the earth's, or any planet's axis of rotation ; 
and also to the two points in the heavens which are at 
the opposite extremities of the axis abont which they 
appear to ns to revolve. (See Par. 103.) These two 
points remain fixed while the others describe circles 
around them, as may be readily observed of the pole- 
star and any others. — ^The axis of our earth produced 
would pass through the poles of the heavens ; so that 
these points are perpendicularly above the north and 
south poles of the earth, 

223. The elevation of the pole (218) is the arc of the 
meridian intercepted between the pole and the horizon. 
It is equal to the arc of the vertic^d circle between the 
zenith of the place and the equator, or equal to the 
latitude of the place. 

224. The nodes of a planet are the two points where 
its orbit cuts the plane Yig, 14. 

of the ecliptic. Inthead- 
joining figure, if E Be A 
represent the plane of 
the ecliptic, and EDeC 
the orbit of any planet, a ! 
the points E and e are 
the nodes. The line join- 
ing the nodes is called 
the line of the nodes; ^ 
a line from E to e would be the line of the nodes. 

225. The node at which a planet crosses to the north 
of the plane of the ecliptic, is termed its ascending node; 
the point at which it crosses to the south of the plane of 
the ecliptic, its descending node. 

The term node is from the Latin nodus^ applied to 
signify an intersection. 

226. The inferior planets are those which are nearer 
to the sun than the earth, as Venus and Mercury. — The 
SUPERIOR planets are those which are further from the 
sun than the earth, as Mars, Jupiter, Saturn, &c. 

227* When two celestial objects are in the same me- 
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ridian, they are said to be in conjunction ; when on the 
opposite meridians, they are said to be in opposition : or 
generally, they are reckoned in conjunclion when on 
the mme side of the earth ; in oppo^tion, when the earth 
is between them, and they are therefore on opposite 
aides of it. 

228. For example, when a supe- Fig. 15. 
nor planet, as M£u«, is on the same 
meridian as the sun, the sun being 
between the earth and the planet, 
which appears in the same part of 
the heavens as the sun, the sun and 
planet are said to be in conjunc- 
tion. Thus, in Fig. 15, if £ be / 
the earth, and a Mars^ the sun \ 
and Mars would be said to be in 
conjunction. When the earth 
is between the sun and planet, so 
that they appear in the opposite 
parts of the heayens, that planet and 
the sun are said to be in opposi- 
tion ; as &, in the adjoining figure. 

229. In the case of the inferior planets, when the 
planet is between the earth and Fig* i6. 

sun, it is said to be in inferior ,''"0"""*-^ 

CONJUNCTION : when the sun is y"^ ,*'-^-^ \ 
between the earth and planet, it / /' \ \ 

is said to be in superior con- / / ^^n^ \ \ 
JUNCTION. In Fig. 16, if E be S l ^gp ; i 
the earth, and a, 6, different po- \ \ ' / / 

sitions of an inferior planet, it is \^ \^^ -u y' / 
in ittferwr conjunction at 6, in su- ^^^ *^— y 
perior omjunction at a. '^-0^-'' 

230.- Hence, when a planet is ^ 

in conjimction, it rises and sets about the same time as 
the sun. When it is in opposition, it sets when the sun 
rises, and rises when the sun sets. 

231. The mso of a heavenly body is the face, or ap- 
parently broad flat surfSeuse which i^ presents to the eye. 
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232. The phases of the znoon or a planet are the 
diflferent appearances it presents, according as more or 
less of its illuminated sur£Eice is turned towards the 
earth, from the Greek word ^agtg (phasis), the appear- 
ance presented by a body. 

233. The term transit is usually applied to the 
passmg of Mercury or Venus between the earth and 
sun, appearing like a black spot on his disc. It is from 
the Latin transitus^ signifying a passage or going over. 

234. OccuLTATiON (disappearing, or being hid) is the 
eclipse of a star or planet by the interposition of the 
moon or some planet, which intercepts our view of it. 

235. Motion is said to be uniform when its rate 
remains the same ; accelerated, when it becomes 
quicker every moment ; retarded, when it becomes 
every moment slower. The mean motion of a planet 
is the rate at which it would go if it moved uniformly, 
still describing the same distance in the same time. 

236. Centre of gravity. There is a certain point 
of every body, which bears such a relation to the whole 
mass, that the same eflPects would ensue from its gravity 
if its whole mass were concentrated in that point,— or 
if a force equal to its gravitating force acted at that 
point, — and a similar point may be found for any num- 
ber of bodies connected together. Its nature is such, 
that if a plane pass through the centre of gravity of a 
body, or system of bodies, in any direction, there shall 
always be an equal portion of gravitating matter on each 
side of that plane. 

237. A PENDULUM is any body suspended at a fixed 
point, about which it swings backwards and forwards. 
It performs its oscillations (vibrations) in equal times, 
and therefore is used for measuring time. As it is the 
force of gravity which causes its oscillations, these are 
more rapid the stronger the action of that force is ; and 
accordingly it has been used as a measure of the strength 
of gravity. The vibrations of the pendulum are also 
more rapid as the rod is shorter (the time of each 
vibration being in proportion to the square root of 
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the length of the rod). At the latitade of London, 
51° 30' 47*59" north, the length of pendulum which yi- 
brates in one second is 39*138 inches^ about 39^ inches* 



ASTRONOMICAL OHARAGTBRS. 



T Aries. 

H Taurus, 

n Gemini. 

So Cancer. 



The Sun. 
9 Mercury. 
? Venus. 
The Earth. 
^ The Moon. 



SifffM of the Zodiac. 

SI Leo. 
t?R Virgo. 
^ Libra. 
ni Scorpio. 

The Planets^ <SfC. 

g Mars. 

^ Vesta. 

? Juno. 

J Ceres. 

■ 

M%8ceUaneou». 



f Sagittarius. 
y^ CapricomuB. 
sss Aquarius. 
K Pisces. 



,t Pallas. 
If. Jupiter. 
I2 Saturn. 
^ Uranus. 



6 Conjunction, in the same sign, degree, tunute, &c. 

^ Sextile, when two signs distant. 

a Quartile, when three signs distant. 

A Trine, when your signs distant. 

^ Opposition, when sw signs distant. 

A North node. — ^ South node. 



SECTION II. 



GENERAL LAWS OF THE SOLAR SYSTEM. 

238. Each of the heavenly bodies which compose the 
solar system (excepting the sun) performs two principal 
motions, one through space round some cejiltre, termed 
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revoiuHon in an orbity or orbitual moHon ;* anotber, tnm- 
ing on itself round an imaginary line paBsing through 
the body, termed rotation an its axis* The sun itself 
has the latter of these motions. 

239. These, which are the leading motions of the 
solar system, and the other subordinate phenomena 
which it presents, flow from the operation of certain 
FORCES, by which the heavenly bodies are actuated. 

The term force is applied to express any thing that pro- 
duces, or prevents, or changes motion, or tends to produce, 
prevent, or change motion. 

240. A body actuated by a single force would, if thai 
force were sufficient to impart motion to it, moTe on 
for ever in a straight line, in the direction of the foroe. 

241. As the heavenly bodies move in curved Unes^ 
they must be acted upon by more than one force. 

242. When ttoo forces act upon a body at the same mo- 
ment, it moves in a certain direction, which is found as 
follows. Let the forces be represented by two straight lines 
meeting in a point, whose directions represent the directions 
in which the forces act, and whose lengths represent the 
comparative intensities of the forces : complete a parallelo- 
gram having these two lines for sides. The diagonal drawn 
from the point where the lines meet will show the direction 
in which the body will move, and the force with which it 
will be impelled. If, in the following figure, the lines A B 
and A C represent the directions and comparative strengths 
o£ forces acting Fig. 17* 

on a body at A, 
so that the force 
A C would, act. 
ing alone, carry 
it to C in the 
same time in 
which the force 
A B, acting a- 
lone, would car- 




* The sun has not yet been proved to revolve round any centre, 
but it is most probable that it dues, as it seems to have a proper 



motion. 



BLBMBNTB OF ABfOkONOUYu 



51 



17 it to B, it win aniTe m tiiat tiiAe at fi^ the •Cher ex^ 
tremity of the diagonal, dcawn from A, of tke parallelogram 
A C D B, of which A B and AC are> sides. 

243. The finding the direction in which two or more 
ibroes impel a body is termed the '^ Composition qf MoHon,** 

244. The direction which the body takes always inclines 
towards the direction of the greater force. Thus, in the 
above figure, the angle D A B is less than DAG, A B 
being greater than A G. 

245* Two FOR0E& ooDCur in imparting to the planets, 
eometfl^ and satellites, their orbitnal motions ; first, a 

PBOJBCfTlLE, TANOENTAIi, Or CENTRIFUGAL foiCe ; SeCCmd, 
an ATTRACTIVE, CENfTRAL, Or CENTRIPETAL forOC. 

246. The projectile force, acting alone, would throw 
the revolving body ont of its orbit, and cause it to move 
on £>r ever in a straight line. The direction of this line 
wonld 4)e a tangent (see Par. 42, page 14, and Fig. 6, 
page 13) to the orbit at that point where the attractive 
force ceased and the projectile force alone acted on the 
body : or, would be in the direction which the planet 
had at the moment of quitting the orbit. 

247. Thus, in the adjoining fig- 
ure, let the circle A B C D represent 
the orbit of a planet, moving round 
in the direction from A towards B, 
B towards C, and so on. If, when 
«t A, the attractive force were to l> 
cease, the projectile force would 
cause the planet to break off from 
the orbit and proceed on in the line 
A G, which would be a tangent 
to the orbit at A. At B, C, and D, were the projectile force 
alone acting, the planet would proceed in the lines drawn 
ftam these points in the figure. And in the whole course 
of its revolution, the planet has a tendency to break off in 
this manner. 

248. This force, therefore, is termed profectiley as it 
tends to throw the body out of its orbit, and resembles 
the force with which any projectile is impelled from 
the surfiew^ of the earth* It is termed tungentaiy as it 
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ten^ te timm tiK Wdy off ii tile teDSBifea ^nette ; 
sad €emtnfii§al (centR-ijiiig), as it tends to Jmepk it 
yrom the eestre XDimd wiiidi it has beoi levolriBg. 

249. The existence of the projectile Ibsce is inferred 
frofid the phenomena of the orhitaal motion of the 
planets; Md its comparatiTe lateiwity has been es- 
tfmated. Bot no particnisn as to its aouee or nature 
hare been ascertained. 



The pniectile fiane in the lolar STitcm has 
times been n^poacdio be ti si w t rd vxth diai great power 
of refmlmtm which Mcms to be oniTeisaD j diffincd thnmgb- 
oot the anircne, whidi we kaow to be the aotagoidat of 
eenaan fbrms of the attnctiTe enagj, and with whose action 
we aze femflisr in the Taned and intezesting phenomena of 
Heat. 

25L Thb CRitiifvgal fixce^ oe tendency of a lefolThig 
body to fl J off from the drde in which it movcty in die 
tangental diiectiony is wdl fflastnted by tlie pniection of 
the mud whkfa jidhcres to a caniage whed, — by the water 
being thrown out of a mop when it is rapidly whirled^ — Iqr 
the necessity which the equestrian gaDoping in a drcolar 
arena has to lean inwards when the speed is great, to orer- 
come the tendency of his rapid motion to dirow him out- 
wards, — and very strikingly, in the mannfiKtuze of crown or 
window ^ais, in whidi a knob of glass is made to beoeme 
a bowl of many iSams, gradually spreading out, until it sud- 
denly expands into a broad flat sheet. 

252. The attractiTe force, acting alone, would draw 
the rerolring bodies inwards from their orbits in the 
direction of the radius, and precipitate the planets and 
crimeis on the snrfiice of the son, and satellites on the 
inrittuay planet round which they revolve. 

Thus, if A, Fig. 18, be a phmet reydYing in the orbit 
A B C D, and the projectile force were suspended at A, the 
pbuiet would move to the sun in the direction A F. 

26d« The attractive force thus prevents the projectile 
force carrjing the planets oat of their orbits into free 
ipace, 

264* This power is termed attractive, as it tends to 
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draw the pknets, &c. towards each other ; cerUral^ or 
centripetal (centre-seeking)^ as it tends to impel them 
towards the centre round which thej reyolve. 

255. In giving the planets their orbitual motions, tbese 
two forces act on the principle of the composition of motion 
(Par. 243). Any nirved line may be considered as made 
up of a nmnber cKf infinitely uuall straight lines, which will 
be the diagonals of a series of parallelograms, whose sides 
will be lines in the directions of the projectile and attractive 
forces at each point, and of lengths proportionate to the in- 
tensities of these forces. As the directions of the tangent 
and radius change at every step, the body enters every mo- 
ment upon a new diagonal, the series of Which will jfoxm the 
carve which it describes. 

256. The form of the curve which the revolving body- 
describes will depend upon the proportionate intensities 
of these two forces ; but, in any case, it has been shown 
to follow, from tfte nature of the attractive force, that 
it will be one of the curves called conic sections, viz. a 
ciBciiE, an ELiiiPSE, a parabola, ot an hyperbola. 

257. The attractive force seems to be the same as that 
well-known power, distinguished on our planet as the 
FOBOE OF GRAVITY, which causes bodies to fall to the 
ground when left unsupported in the air, and which 
makes them exert on bodies beneath them the pressure 
which we term weight. 

258. When spoken of with respect to its action 
throughout the solar system, it is termed attraction of 
gravitation, or, simply, gravitation, 

259. Three things may be noted with respect to 
gravitation. 1 • That it acts in all directions, spreading 
its influence out firom a body like rays of light from a 
luminous object. 2. That its force is in direct* propor- 

^ When one thing alters in a certain wav in the same proportion 
in which another alters in the same way, this is termed direct pro- 
portion. Thus, in the above instance, if the quantity of matter 
diminishes, the force of attraction diminishes as much. When 
one thing alters in a certain way in the same proportion in which 
another alters in the opposite way, this it inverss proportion. 
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tion to the quantity of matter (t. e, to the mass) in the 
attracting body ; 3. That its force is in inverse* propor- 
tion to the square of the distance. 

260. That gravitation acts in all directions is shown 
by bodies floating on water gathering together in heaf8y 
— ^by a plummet suspended near the top of a high preci- 
pice leaning towards the rock, — ^by bodies tending to- 
wards the earth on every side, — ^by the action of the 
moon in raising the waters of the ocean, and forming 
the tides, — ^by the mutual action of the sun, planets, and 
satellites, — and by the consideration that, as attraction of 
gravitation seems an inherent property of matter, there 
seems no reason why it should act in any one direction 
and not in every other. 

261. The predominating direction of gravitation on the 
earth's surface is towards the centre of the earth, solely be- 
cause there is so much more matter very near to us in that 
direction than in any other. The difference between the 
earth and the bodies on its surface, in respect to the force of 
gravitation, is a difference in degree only, not in nature. 
This was proved very satisfactorily by Cavendish, who 
found that large leaden balls exerted a sensible attraction 
on small leaden balls at the end of a light rod, suspended at 
the middle by a slender thread. 

262. That the force of gravitation is in direct propor- 
tion to the quantity of matter is shown, by the attrac- 
tive force of two portions of the same kind of matter 
being in proportion to the quantities of it which are 
taken, as in Cavendish's experiments (261). 

263. As, in the same kind of matter, attraction is in pro- 
. portion to the quantity, it is inferred that, among diftrent 
kinds of matter, the quantity of matter is greater where the 
■ attraction is greater. On this supposition is founded the gen- 
eral rule, that the force of gravity is in direct proportion to 
the quantity of matter — quantity of matter meaning gravi- 



Thus, in the above instancp, if the square of the distance b«tween 
two bodies diminishexy the force of attraction between them tn- 
ereata as much as the square of the distance has diminished. 

* See note, preceding page. 
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tatiDg force. The quantitj of matter, in this sense, in any 
body, is termed its mass. 

264. That the force of gravitation is in inverse pro- 
portion to the square of the distance, is a mathematical 
deduction from the elliptic form of the orbits of the 
planets, with the sun in one focus : following, therefore, 
from the second law of Kepler. 

265. That gravitation has force in inverse proportion 
to the square of the distance, signifies, that the attraction 
of one body for another, when placed at different dis- 
tances, is as much greater as the square of the distance 
is less ; and as much less as the square of the distance 
is greater. This is illustrated by the following table, 
where the first two columns represent different distances, 
— ^the next two, the proportionate forces of attraction at 
these distances, in squares, — and the two last, the value 
of these squares expressed in numbers. 

Attraction Attraction 

at 1 is to at 2 as 2^ 

mi ••• ■«• X ••• X 

Thus, if the two bodies be first at a distance of 1, and 
then of 2, the proportionate force of attraction exerted by 
6ne body will be 1 at the distance of 2, 4 at the distance 
of 1. If they be at distances of 3 and 7, the attraction 
at 3 will be 49, while that at 7 will be 9. 

266. The diminution in the above proportion of an in- 
flnence radiating from a central point, may be illustrated by 
the following figure. Let G represent any luminous body, 
A B, C D, and E F, boards at the same successive distances 
as A B from G, A B being at one, C D at 2, £ F at 3. 
The same quantity of light which spreads over A B wiU, 
at CD, twice the distance, spread over four times the sur- 
face ; at £ F, thrice the distance, spread over nine times 
the sur&ce. But the same amount of light, when diffused 
over four times the space, will only have one^fourth the 
intensity — over nine times the space, one-ninth of the 



l^ 


as 4 


: 1 


2«, 


... 25 


: 4 


2», 


... 1 


: 4 


3^, 


...49 


: 9 



56 



ELBMENTS OF A8TROKOMT. 
Fig. 19. 




intensity. Hence, the light at 1 m to that at 3 a« 3<^ : 1«, 
as 9 : 1, or as 1 : } ; — that is, inversely as the squares of the 
distances. 

267. From the general phenomena of attraction and 
of the solar system, it is inferred that every particle of 
matter attracts every other with a force directly propor- 
tional to the mass, and inversely proportional to the 
square of the distance. 

268. It is known that this universally diffused power 
extends to the utmost limits of the solar system. We 
have reason to believe, from the phenomena of binary 
stars, that it also prevails among the fixed stars. It is 
also probable that, as well as acting between the parU 
of each system, it extends between the various systems, 
connecting them in one grand chain* And, there is 
reason to suppose, that its various forms^ as exhibited 
on our globe, — gravity, cohesion, chemical attraction, 
electric and magnetic attraction, — are merely varieties of 
one fundamental power. 

269. Few things are more striking than that invisible and 
mysterious connexion which subsists between the separate 
particles or masses of matter— drawing or binding them to- 
wards each other — acting with such enormous power, and at 
such immense distances as in the central force which, spread- 
ing from the sun in all directions, preserves the planets in 
their orbits, at distances of hundreds of millions of miles, 
and perhaps preserves systems in their proper positions, at 
distances measured in millions of millions of miles — draw- 
ing a stone or drop of rain to the ground — causing the rain 
or dew drops to form into globules like suns and planfftg in 
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miniature — ^binding the particles of iron to each other with 
the force which enables it to bear such prodigious strains — 
aiding in producing the singular phenomena of electricity 
and magnetism— rand, lastly, in its action between diflferent 
bodies, giving rise to the phenomena of chemistry, and creat- 
ing the innumerable and ever-varying combinations which 
surround us on every side. 

270. It has been inferred horn astronomical phenomena, 
that the action of gravitation is either instantaneous, or that 
its velocity is at least Jifty million times greater than that 
of light (Par. 80) ; and also, that it penetrates freely through 
the densest bodies and acts on another body, without any 
diminution of its energy. 

271- The sun, planets, and satellites, are collections of 
particles, each obeying the general laws of attraction given 
above (Par. 259). And the attractive force of each orb in 
the solar system is found to act upon the others, exactly as 
if its whole matter were collected into one particle, situated 
at its centre of gravity, and possessing the aggregate force of 
the mass. 

272. The true centre of the planetary motions is not the 
8un*s centre, but the centre of gravity of the solar system. 
This point, however, owing to the enormous mass of the 
sun, is a very short distance from his actual centre. In like 
manner, the centre of gravity of the earth and moon is the 
centre of the moon*s motion, and is also the point which is 
to be regarded as moving round and attracted by the sun. 

273. The following general laws, developed by Kepler, 
are fonnd to prevail throughout the solar system : — 

I. The planets move round the sun in such a manner^ 
that the line drawn from a planet to the sun passes over 
areas proportional to the times of the motions, 

U. Each planet describes an ellipse^ having the sun 
in one qf the foci, 

m. The squares of the periodic times* of the planets 
are in the same proportion as the cubes of their mean dis- 
tances from the sun. 

274. The first of E1epleb*s Laws is shortly expressed 

* Periodic tine — the time ocoupied by any body in completiiig 
one revolution in its orbit. 

C 
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as follows : — " The radius vector of a planet describes 
areas proportional to the times." 
275. This will be illustrated by the following figure. 

Fig. 20. 




The radius vector of a planet is an imaginary straight 
line passing from the sun to the planet, supposed to re- 
main fixed at the former, hut to follow the planet in its 
course round that orb, expanding or contracting accord- 
ing as the planet is further from or nearer to the sun. 

276. In the above figure, let S be the sun, and A, E, 
G, H, a, e, successive positions of a planet ; then, S A, 
S E, S G, S H, S o, S e, will be the radius vector in these 
several positions. Now, let it be supposed that the planet 
moves from A to E, in the same time in which it moves 
from o to e : — ^it would then be found, that the radius 
rector, in passing from S A to S E, has traversed the same 
space as in passing from S a to Se ; that is, that the 
shaded area S A E is equal to the shaded area Sae; or, 
as expressed above, that the area S A E bears the same 
proportion to the area S a «, as the time of the motion 
from A to E does to the time of the motion between 
a and e; i. e. that the areas are proportional to the times 
— (equal in the instance just given, since the times wei« 
supposed equal). 
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277* In like manner, if the area S E 6 be equal to the 
area SOU, the planet will move from £ to G in the same 
time as from G to U. And any area, S G H, will bear the 
same proportion to any other area, S U K, as the time in 
passing from G to H does to the time in passing from H 
to K. 

278. Hence, then, a planet does not move round the 
sun at a uniform rate ; but its motion is at one time 
accelerated, at another, retarded. 

279. For, as the planet is at different distances from the 
sun, and its radius vector describes equal areas in equal times, 
any area when the planet is near the sun, must be broader 
than an equal area when the planet is remote : the part of 
the orbit which bounds the broad area must be longer than 
that which bounds the narrow one ; and as they are both 
described in the same time, the planet must move faster in 
that nearest the sun. 

280. The velocity of a planet is least when furthest 
from the sun, becomes accelerated as it comes nearer, is 
at its highest when the planet is nearest to the sun, and 
becomes retarded as its distance from the sun increases. 

281. The velocity of a planet in different parts of its orbit 
is in inverse proportion to the square of its distance from 
the sun. 

282. From this law, that the areas described by the ra- 
dius vector are proportional to the times, the conclusion was 
drawn by Newton that the power by which the tangental 
force of the planets is neutralized, is directed towards the 
sun. 

283. The second of Kepler's Laws is, that '^ the or- 
bits of the planets are ellipses, with the sun in one 
focus." 

284. Although the planets and comets, from the ellipti-* 
cal form (^ their orbits, are nearer the sun at one time 
than another, and his action on them is so much stronger at 
they are nearer, they do not from this continue to draw 
gradually nearer and nearer, so as at last to fall to that 
body : nor, when they are remote, and his actipn is weaker, 
do they recede from him altogether. Th^t ^hejr dQ nqt d9 
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so is still more striking in the case of the comets, which are 
so very far from the sun at one time, and so near at another. 

285. The planets and comets do not fall to the sun, 
because, when they approach nearer to him, so that 
his attraction is stronger, the tangental force becomes 
stronger at the same time : — ^and they do not fly from 
the sun altogether, because wliile they recede frt>m him, 
the tangental force at the same time diminishes in eneigy. 

286. That this is the case will be illustrated by tiie 
following figure. Let this figure represent the orbit of 
a planet, A — S being pig. 21 

the sun. Let the ^ 

planet be in its ap- 
helion at A. It is 
there under the in- 
fluence of the attrac- 
tive and projectile 
forces, whose united 
operation brings it 
to B. Being there 
nearer to the sun, it 
is more powerfully 
attracted and drawn 
still nearer to him ; 
and, as the attractive 
and projectile forces 
are operating in the 
same direction^ the 
velocity is increased, 
proceeding from B to C, a greater distance, in the same 
time in which it passed over the shorter distance from 
A to B. At C, being nearer than at B, the attractive 
energy is further increased, and as this still concnis in 
direction with the tangental force, the velocity is aug- 
mented. This goes on till it comes to its perihelion at 
E, where its velocity is greatest. The great projectile 
force thus acquired prevents it going still nearer over- 
comes the increased attractive force, and causes it, at E, to 
begin to increase its distance, which it does, step by step, 
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firom £ towards A, in the reverse order to that by which 
it had lessened its distance. The attractive force de- 
cnneases rapidly as the distance increases ; bat the pro- 
jectile force also diminishes, as the 8un*s attraction is now 
acting nearly directly against the projectile force^ and it 
thus lessens its impetus at every step. By this, in pro- 
gressing ftrom E to F,G, H, the projectile force is so 
much weakened that the attraction of the sun overcomes 
it in turn, and bends the planet's course towards A; 
where, when it arrives, the same series of actions com- 
mence again. 

287. That the attractive and projectile forces act together 
as the planet passes from its aphelion to perihelion, and 
against each other when it is proceeding from perihelion to 
aphelion, is shown by the directions of the arrows. 

288. It is from the revolution of the planets in elliptical 
curves, with the sun in one focus, that the great law of at- 
traction has been deduced — that its force is in inverse pro- 
portion to the square of the distance. 

289. The third law of Kepler establishes an inter- 
esting relation between the distances of the planets from 
the sun and the periods in which they complete their rc- 
Yolutious round him — namely, that " the squares* of the 
periods are proportional to the cubes* of the distances." 

290. That is, the square of the number of days any 
planet takes to go ouce round the sun, bears the same 
proportion to the square of the number of days any other 
planet takes to complete its revolution round the sun, 
as the cube of the distance of the first planet from the 
snn bears to the cube of the distance of the second planet 
from the sun. 

291. Or, in the case of Venus and the earth, 

square of square of cube of cube of 
224-8 : 365-25 : : 09 : 96 



• The SQUARE of a number is the number produced by multi- 
plying the number by itself: the cube of a number is the product 
obtained by multiplying it twice by itself. Thus, 9 is the square 
of 3, 27 the cube of 3 ; 4 the square of 2, 8 the cube of 2 ; 25 the 
square of 5, 125 the cube of 5. 
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The first number expresses the number of days occupied by 
Venus in her revolution round the sun; the second, the 
number of days the earth takes to go round the sun ; the 
third number is the distance of Venus from the sun, expressed 
in millions of miles ; the fourth, the distance of the earth 
from the sun in millions of miles. 



292. The sun, planets, and satellites, rotate, or turn 
upon themselves in regular periods. The time in which 
this rotation is completed is called the day of the re- 
volving body ; the imaginary line about which it tums^ 
the AXIS ; and the two extremities of this line, the poles. 
They are known to have this rotatory motion by the 
motion of spots upon their discs ; and, by observing the 
time a spot takes to move through any arc, the time of 
a complete rotation is ascertained. 

293. The sun and planets are of a globular form, but 
not perfect spheres (52). They are oblate spheroids 
(63). The flattening is at the poles, or opposite ex- 
tremities of the axis, and is sometimes termed the ^' polar 
compression." 

294. This flattening is most remarkable in Jupiter, 
in which it is so great as to give to that planet a distinctly 
oval shape. 

295. The spheroidal form of the sun and planets is 
represented, considerably ex- Yig, 22, 
aggerated, in the adjoining 
figure, where N S is the axis 
or polar diameter, and EQ 
the equatorial diameter. 

296. The spheroidal form 
of the sun and planets is most 
probably caused by their ro- 
tatory motion, which has a 
tendency to produce a flatten- 
ing at the poles and bulging 
out at the equatorial regions ; 
even though they had at first been formed perfectly 
spherical. 




(rom the poles lo the 
equBtoT (307) ; and 
b7 the ini-rease In 
the length of the 



passing ftam the 
equator to the poles i 




is tiot exactly 
360th put of a meri- 
ditm. Lei PQ le. 
present ibe eaith'i 
aur&ce from one 
pole to the equator, 
and pg ihi 
■ponding at( 

pole of the heavens tuid g Che equinoctial, 90* distant from 
the pole. Let the arc p 4 be divided into aix equal arcs, of IS 
degrees each ; then, the piuees on the earth at which these 
degrees are vertical, would be the corresponding degrees of 
latitude on the earth i but it is evident from the figure, in 
which the lines a 1, b2, c 3, d 4, &c. are perpendicular to 
the earth's surEice, that the disiance beiween the two adjoin, 
ing poinis increase aa we pass from the equator lo ihe 
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298. In consequence of the rotatory motion, the parts 
At onj dbtance from tlie axis have a considerable cen- 
trifa^ force, or tendency to fly off in the tangental 
dii-ection, and tliey would do so, if the parta were not 
held together by a firm attractive force ; or if the cen- 
trifugal force were sufficiently strong. But, by the 
planets' attraction, they have also a tcndeney towards 
the centre, in the direction of the radius. Under the 
actionof these two forces, by the laws of the composition 
of motion, they tend to a middle course, which brings 
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them from the poles towards the middle regions, and 
causes an accumulation in that quarter, 

299. This is illustrated ty the following figure. LetP/> 
be the axis of any planet P 6 E ja, and a, by c, any particles, 



Fig. 24. 



at some distance from 
the axis ; E, the equa- 
tor; EQ, the equa- 
torial diameter, Let 
it be supposed that the 
direction of the planet's 
motion is from Q to-B 
wards E, and that the 
planet is in a fluid or 
semi-fluid state, so 
that it is capable of 
having its form chang. 
ed by any force. Each 
of these particles will 
have a tendency to 
pass towards the equa- 
tor — a tendency both 
directly outwards and 
towards the equator. 
The particle a will 
have a tangental force impelling it outwards in the direction 
a A, and a central force towards Q, in the direction a Q. By 
the laws of motion (242) it will tend towards the middle 
course a e» In like manner the point b will tend in the direc- 
tion b ; and a point c, on the other side of the equatorial 
diameter, outwards and towards the equator, in the direc- 
tion ci. 

300. By these forces it is at once evident that the par- 
ticles would be brought from the polar regions towards the 
equatorial, if in the fluid state. But even were a planet, 
such as the earth, with large portions of its surface covered 
with water, mainly in the solid state and perfectly spherical, 
a rotatory motion would cause a polar compression. For, the 
parts at the surface in the liquid form would be thrown 
towards the equatorial regions, and heaped up there, while 
the polar regions would be left dry. And, as the parts at 
the surface are elevated by volcanic heat, and thus to a cer- 
tain extent moveable, and the earth is continually worn 
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down bj the action of disintegrating agents, diffused through 
the waters, and thus rendered loose and moveable, subsiding 
afterwards and filling up the lower parts of the deep seas, 
the excess of land at the polar regions might be in time 
removed, spread out over the equatorial districts, and thus 
an equal distribution of land and sea take place over the 
whole. But from the geological structure of the earth, this 
is not supposed to have been the mode of formation. 

801. In the case of the earth, it is probable from 
geological considerations, that the spheroidal form was 
assumed while it was mainly or entirely in the fluid 
state ; the opinion being held that the earth was for- 
merly, and is perhaps now in part, fluid. 

302. The rotatory motion of a planet affects the force 
of gravity at different parts of its surface. It lessens the 
force of gravity in the equatorial regions, rendering it 
proportionally stronger towards the poles. Two causes 
contribute to this, — the rotatory motion, and the sphe- 
roidal form. 

303. Wherever there is rotatory motion, the parts 
revolve in larger circles in proportion as they are further 
from the axis, and therefore move most rapidly, and 
with greater force. And as the distance &om the axis 
increases from the poles towards the equator, the parts 
will have greatest centrifugal force in proportion as they 
are furthest from the poles. But the centrifugal force 
acts in opposition to gravity ; the latter force, therefore, 
is more resisted towards the equatorial regions, and pro- 
duces a less effect there. 

304. The spheroidal form of the planet also lessens 
the force of gravity about the equatorial regions ; the 
parts there being farther from the centre. Hence, even 
though the planet did not rotate, if it had the spheroidal 
form, the force of gravity would be somewhat greater at 
the flattened than at the projecting parts. 

306. Thus, directly, and indirectly in causing the 
spheroidal form, the rotatory motion is the source of the 
diflbrences of the force of gravity. 

306. Accordingly, it is actually found that a body 

c2 
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weighs less, or produces less downwards pressure in pro* 
portion as it is nearer to the earth's equator, — ^that its 
gravity increases as we approach either pole. 

307. This difference in the force of gravity at the 
poles and middle regions, cannot be manifested by a 
common balance, as the weights used would be as much 
affected as the body to be weighed. But it is at once 
detected by a spring balance, or by the pendulum. The 
spring is less stretched by the same body in proportion 
as the distance from the pole is greater : — and the pen* 
dulum vibrates slower (Par. 237), — both of these cir- 
cumstances indicating a diminution in the force of 
gravity. 

308. The solar influences which give rise to heat and 
light, obey the same law with respect to their strength 
at different distances, as gravitation, i.e. inverse pro- 
portion to the square of the distance. Thus, the distance 
of Mercury being 37 millions of miles, and that of the 
earth 95 millions of miles, the following proportion will 
hold :— 

Sun'i influence Sun's ii^uence 

at Earth : at Mercury, inversely as 95^ : 37^, 
directly as 37^ : 96^ ; as 1369 : 9025, or as 1 : 7 

Thus, the sun's influence at Mercury is nearly seven 

times what it is at the earth. 

309. But it must not be inferred from this, that the tem. 
perature at the different planets is in exact proportion to the 
sun's influence ; for temperature is dependent not only on the 
amount of the heating agent, but on many circumstances in 
the nature of the body acted on. This is illustrated on our 
own planet, where, owing to the increasing rarity of the air, 
as the elevation is greater, the solar rays produce less effect 
in proportion as the height above the level of the sea in- 
creases. 

310. As there are so many bodies in the solar system, 
all mutually attracting one another, their influence on 
Vach other causes several slight deviations from the 
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simple laws jast laid down : Several of the more im- 
portant of these inequalities will he noticed in another 
part of this work, under the heads Nutation, and Pre- 
cession of the Equinoxes. 



SECTION III. 

OF THE SUN, PLANETS, SATELLITES, AND COMETS. 



I.— THE SUN. 
Solf or . 

311. The sun is the centre of the solar system, and is 
found to he a globular body of immense magnitude. 

312. Its mean distance from the earth is about ninety- 
five millions of miles (95,000,000). But the earth is 
nearly three millions of miles nearer to the sun in our 
winter than in our summer. — See Earth, and Seasons. 

313. The sun is not perfectly spherical ; but, like all 
the planets, is flattened at the two opposite points, termed 
poles. Its form is, therefore, a spheroid, like an orange. 

314. The sun's diameter is about eight hundred and 
eighty-two thousand miles (882,000) : — or 111^ times 
that of the equatorial diameter of the earth. 

315. The magnitude (or, volume) of the sun is to that 
of our earth as 1,384,472 to 1.* That is, the sun is ex- 
tended through 1,384,472 times the space occupied by the 
earth. 

316. The gravitating force, or mass, of the sun is to that 
of the earth as 354,936 to 1. As the sun exceeds the earth 
so much more in bulk than in weight, the densityf of the 
sun must be less than that of the earth : the sun*s density 

* The magnitudes of spheres are as the cubes of their diameters, 
— that is, in the present instance, 

Magnitude Maffnitude 
of earth : of sun : : 1» : lU^a : ; 1 : 1,384,472 

t Specific gravity, or comparative quantity of gravitating matter 
in the same volume. 
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is a little more than one-fourth of that of the earth, or at 
0-2543 to 1. 

317* Hence, owing to the comparativelj low gravitating 
force of the sun^s matter, and the distance from the sur&oe 
to the centre, the force of gravity at the sun's surface is only 
27*9 times that at the earth^s surface. A body, therefore, 
which at the earth's surface would compress a spring to an 
extent indicating a weight of one pound, would, at the sur- 
face of the sun, compress that spring as much as 27*9 pounds 
would at the earth's surface. 

318. The sun rotates upon its axis in a little more than 
twenty-five days, in a direction from west to east. This 
is ascertained by observation of the motion of the spots 
on his surface. These are found to disappear on one 
side, while others appear on the opposite side, move 
round in the same direction, and disappear in their turn 
on the same side as the former. The uniform progress- 
ive motion of the spots, at the same rate, and in the 
same direction, can only be explained by a rotatory 
motion of the body of the sun in that direction. 

319. Further, the flattening of the sun at the poles is a 
confirmation of the opinion that it rotates, as we know that 
this form is produced by rotation. 

320. The sun's axis is not perpendicular to the plane 
of the earth's orbit : it leans 7° 20' from the perpendi- 
cular ; forming therefore an angle of 82® 40' with the 
plane of the ecliptic. 

321. It is supposed that the sun is not fixed to one spot, 
but that it has a proper motion, as it is termed, through 
space, carrying the planets, &c. along with it. . This infer- 
ence was drawn by Sir William Herschel, from ob- 
serving that the principal stars seemed to have a gradual 
motion from the constellation Hercules, and were becoming 
more open or spread out in that quarter — which he coi^- 
sidered might be explained by a motion of the solar system 
towards that constellation. 

322. The sun has two apparent motions, one daily 
through the sky, giving rise to the alternations of night 
and day ; another yearly through the constellations of 
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the zodiac, causing its different degrees of elevation above 
the horizon at different periods of the year. These ap- 
parent motions of the sun are caused, the first by the 
rotation of the earth on its axis, the latter, by the earth's 
ftTiTinftI revolution round the sun. — See Earth, and 
Seasons. 

323. The sun is considered to be opaque in its body, 
but to be surrounded by a highly luminous atmosphere, 
from which emanate the rays that qiuse light and heat 
when they strike upon bodies. 

324. Viewed through a telescope, the sun presents a 
somewhat mottled appearance, with minute shady spots 
scattered through the luminous matter. Large dark 
spots, which are not permanent, and which change both 
in size and form, are seen upon its surface. These are 
termed maculae : they consist of a dark or bkick part 
in the centre, called nudeus, with a surrounding part 
not so dark, termed penumbra. In the vicinity of the 
spots, brilliant and highly luminous streaks are seen : 
these are named fagulae. 

325. The maculae are found only about the equa- 
torial regions of the sun. Their magnitude is very 
various — from a few hundred to upwards of forty thou- 
sand miles. 

326. Various theories have been formed regarding the 
maculae. It has been supposed that the suriace of the sun 
is in a state of combustion, and that the spots are scoriae or 
scunty or ashy matter floating on the surface. They have 
been thought to be cavities in the body of the sun, the 
nucleus or dark part being the bottom of the cavity, and the 
penumbra or shady part its sloping sides. They have also 
been conjectured to be the smoke of solar volcanoes. 

327. The opinion most generally entertained at present 
18, that the spots are parts of the dark body of the sun 
exposed to view in consequence of breaks or gaps in the 
luminous atmosphere which is believed to surround the 
body of the sun. The penumbra is supposed to be caused 
by portions of an inner non-luminous atmosphere, in 
idiich the gap is not so wide as in the external luminous 
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one : for, when a spot disappears, the nuclens contracts, 
and disappears before the penumbra, as if the gap in the 
inner atmosphere had filled up first. 

328. The sun is thus supposed to have two atmospheres ; 
— one, transparent, but not luminous, next the body of 
the sun ; and an external atmosphere, highly luminous, 
and at an elevated temperature, which is the source of 
the light and heat which the sun diffuses. The inner 
atmosphere, if there be two of the nature just described, 
probably rises into the other, and causes the mottled 
appearance alluded to above (324). 

329. The faculae are supposed to be the elevated parts 
or ridges of waves in the external luminous atmosphere. 

330. Nothing positive is known of the source of the 
sun's light and heat. They have been conjectured to be 
caused by minute particles of the sun's substance dis- 
charged from it ; but this theory, besides the improba- 
bility of a continual loss of substance without any dimi- 
nution of brilliancy, is not considered to explain satis- 
fectorily the phenomena of light and heat. The opinion 
now most generally entertained is, that light and heat 
are to be attributed to vibrations or undulations in a thin 
fluid diffused throughout space, which is supposed to be 
excited by the presence of luminous and hot bodies, into 
undulations, capable of causing impressions of light and 
heat on bodies which they meet : that the sun causes 
these undulations in this ethereal fluid, which being 
propagated through space in waves^ cause heat and light 
on the surface of the planets. 



II.— THE PLANETS AND SATELLITES. 

331. There are Eleven Planets, accompanied by 
Eighteen Satellites, in the solar system. — See Par. 174, 
where they are named in the order of their distances 
from the sun. — See also Fig. 11, page 37. 

332. Though the planets appear as mere points to the 
naked eye, they present discs of considerable breadth 
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when viewed through telescopes, even of very moderate 
magnifying power. 

333. This affords a very striking illustration of the re- 
moteness of the fixed stars : an ordinary telescope magnifies a 
planet into a perceptible disc, or breadth of suiface ; but the 
fixed stars, viewed by the most powerful telescopes, still 
appear as mere luminous points. 

334. The part of any planet which is turned towards 
the earth will always be one-half of its spherical surface, 
and it will appear as a fiat circular surface when the 
whole of the part next us is visible, just as the sun and 
fall moon appear : while, if less than the whole of the 
half next us be visible, the planet's disc will be propor- 
tionately less ; and not of a circular form. 

335. The planets and satellites do not shine by their 
own inherent light, but by reflecting the light which 
they receive from the sun. This is known by the 
PHASES which they present : for a planet varies in the 
magnitude of the illuminated surface which is turned 
towards us ; and it is found that, of the side which is 
n&ct us, that part only appears luminous which is at the 
same time turned towards the sun, so as to receive his 
iight, 

336. As already mentioned, the sun and planets (ex- 
cepting the asteroids) all lie nearly in one plane, their 
orbits forming very small angles with the plane of the 
ecliptic ; from which, they always appear in that belt of 
the heavens in which the sun travels daring his apparent 
annual coarse through the starry sphere, called- the 
Zodiac. 

(1.) The Planet Mercury, § . 

337. This is the nearest of all the planets to the sun, 
«o far as is yet known. His mean distance from the sun 
is about thirty -seven millions of miles (37,000,000). 
His orbit is rather more elongated than is usual among 
the planets; his excentricity (Par. 186) being more 
than a fifth of his mean distance from the sun. He wiU 
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thus be at one time 2-5ths of his mean solar distance 
nearer to the sun than at another. 

338. Mercury is the smallest of the planets, excepting 
the asteroids. His diameter is a little less than 3200 miles 
^HJorrectly, 3174 miles. 

339. Mercury rotates upon his axis in 24 hours, 5 
minutes, and a few seconds. He completes his course 
round the sun in nearly 88 days— correctly, 87 days^ 
23 hours, 25 minutes ; moving in his orbit at the amaz- 
ing rate of 30 nules in a second, or 1800 miles in a 
minute. 

340. The orbit of Mercury is inclined about seven de- 
grees to that of the earth : that is, there is an angle of 
7° at the intersection of the planes of their orbits (28). 
— See Fig. 12, page 39, where the horizontal line (view- 
ing the figure sideways) represents the plane of the 
ecliptic, and the line with the sign of this planet affixed, 
shows the direction of the plane of Mercury's orbit. 

341. This planet can be seen by the naied eye, but 
very seldom, and only for a short time. Being so near 
to the sun, he is always in that part of the sky close 
around the sun, and his inferior light is lost amid the 
sun's rays. He never departs above 29° from the sun ; 
and when he is visible, can only be seen for a little 
before sunrise, and a little after sunset. 

342. Mercury occasionally passes directly between the 
earth and sun ; appearing then as a black spot traversing 
the 8un*s surface. This is termed a transit of Mereurjf 
over the 8uri*8 disc. This is a rare occurrence, however ; 
taking place at intervals of 6, T, 13, 46, and 263 years. 
The reason of this phenomenon being so rare is, that the 
plane of the orbit of Mercury is not coincident with that of 
the earth ; so that one-half of Mercury is above, the other 
half below the plane of the ecliptic. Consequently, the sun, 
earth, and Mercury, can only be in the same straight line, 
when the two latter are in the line of intersection of the 
planes of their orbits (line of the nodes), that is, when 
Mercury is in his nodes. 

343. Mercury, as seen through a telescope, does not 
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always appear of the same size and form. He has 
phases, like the moon, being sometimes homed, like the 
new moon, sometimes full, like the full moon. The 
cause of these changes is this : — We can see only that 
part which is illuminated by the sun ; and as different 
quantities of that part are turned towards us success- 
ively, we see different amounts of the illuminated half 
at different times. — See Moon's Phases. 

344. At Mercury, the sun will present a diameter 
about three times greater than at the earth, — correctly, 
as 82^ to 82. And he will receive about seven times as 
much of the influence which, emanating from the sun, 
gives rise to the phenomena of heat and light (308, 309). 

(2.) The Planet Yenvs^ $. 

345. This planet is the second in order from the sun, 
her orbit lying between those of Mercury and the earth. 
Her mean distance from the sun is a little less than 
sixty-nine millions of miles (69,000,000) ; about 
68,590,000 miles. Her distance from the sun does not 
vary much, her excentricity being only l-147th of her 
mean distance from the sun. 

346. The diameter of Venus is about 7700 miles, — 
correctly, 7727 miles. She is very little less than the 
earth, the diameter of the latter being only 200 miles 
more. 

347. Venus rotates upon her axis in 23 hours 21 
minutes ; and completes her course round the sun in 
224 days, 16 hours, and 49 minutes ; — moving at the 
rate of 23 miles in a second, or 1380 miles in a minute. 

348. The orbit of Venus is inclined about three de- 
grees twenty-four minutes to the ecliptic (3° 24') : so 
that the plane of the earth's orbit and that of this planet 
are nearly coincident. 

349. Venus is visible frequently. She is the most 
beautiful of the planets, whence her name, and, being 
near to us, she appears as bright and large as Jupiter, 
although that planet exceeds her very much in magni- 
tude. Venus is seen only about the times of sunrise and 
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sunset ; but is visible for a much longer time before 
sunrise and after sunset than Mercury, departing much 
further from the sun than that planet can do, — ^namely, 
to a distance of forty- seven degrees (47°) from that lumi- 
nary. When seen before sunrise, Venus is well known as 
Phosphorus^ Lucifer ^ or the morning star ; when she ap- 
pears after sunset, she is termed Hesperus^ Vesper^ or the 
evening star, 

350. The transit of Venus over the sun's disc is a raze 
occurrence, for the same reasons assigned above for the rare 
occurrence of the transit of Mercury. The transit of Venus 
takes place alternately at intervals of 8 and 113 years. The 
last was in 1769, the next will be in 1874, and there will be 
another in 1882. — This phenomenon is of great use in prac- 
tical astronomy. It has been taken advantage of to aid us 
in determining exactly the sun^s distance. 

361. Venus exhibits phases, as Mercury and the moon 
do ; and for similar reasons. 

352. At Venus, the diameter of the sun appears about 
one-half greater than at the earth,— correctly, as 44 to 
32. And the sun's influence at Venus is about doable 
of what it is at the earth. 

363. The axis of this planet leans very much towards 
the plane of her orbit, forming with it an angle of 16 
degrees ; that is, inclining 75 degrees from the perpen- 
dicular. Her tropics (372) are therefore only 16 de- 
grees from her poles, and her polar circles only 16 degrees 
from her equator. This gives rise to some striking pe- 
culiarities in the constitution of Venus : namely, that 
there is much greater diversity of seasons than prevails 
on the earth, — that the days are much longer where it 
is summer, and much shorter where it is winter, — ^that a 
larger proportion of the regions about the poles have per- 
petual day or perpetual night, — and that the middle or 
equatorial regions of Venus have two summers and two 
winters in each of her years. 

364. This planet is believed to be surrounded by an 
atmosphere. 
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(3.) The Planet Earth (Tell us), ® . 

S55, The next planet after Venus, in order &om the 
sun, is that which we inhabit ; having its orbit situated 
between those of Venus and Mars. 

356. The mean distance of the earth from the sun is 
ninety-five millions of miles (96,000,000). Her excen- 
tricity is about ^^y or 0*0167836. The least distance of 
the earth from the sun is about ninety-three and a half 
millions of miles (93,500,000) ; the greatest distance, 
ninety-six and a half millions of miles (96,500,000.) 
The earth is in its aphelion on the 1st of July ; in its 
perihelion on the 31st of December. The sun, therefore, 
appears larger on December 31st than on July 1st, — 
in the proportion of 32^ to 31^. 

357. If the mean distance of the earth from the sun be 
1-00000, its distance on July 1st is 1*01679; on December 
31st, 0-98321. 

358. The mean diameter of the earth is 7912-4 miles. 
The shorter or polar diameter is 7899*17 miles : the 
longer or equatorial diameter, 7925*64 miles. The dif- 
ference between the polar and equatorial diameters is 
therefore 26-47 miles ; or l-299th of the longer.— The 
equator, or circumference of the earth at the widest 
part, is 24,899 miles in length,*— about 25,000 miles. A 
degree of longitude at the equator is 365,144 feet, or 69 
British miles and 824 feet. 

359. The earth's surface is marked by lines in the 
same manner as the sphere of the heavens. — See par- 
allels, MERIDIANS, LATITUDE, LONGITUDE, in the SCC- 

tion on Astronomical Terms. 

360. From the spheroidal form of the eanh, the degrees 
of latitude are not all of the same magnitude, increasing 
from the equator towards either pule. The following table 
shows the length at every 30" of latitude : — 

* The cireumference of a circle is obtained by multiplying its 
diameter by 3-14159. 
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Length of d^rree in 
Latitudes English feeU 

(Equator) . . . 362,734 

30 — .... 363,641 

60 — . . . . 365,454 
90 (Poles) .... 366,361 

Degrees of longitude of course gradually diminish firom 
their greatest at the equator to nothing at the poles. The 
following table represents the length of a degree of longi- 
tude at every 20° latitude : — 

Degree of longitude 
Latitudes in English ftet* 

(Equator) . . . 365,144 

20° — .... 343,263 

40° — ... . 280,106 

60° — .... 183,029 

80° — ... . 63,612 

90° (Poles) .... 

361. The earth turns upon her axis in 23 hours, 56 
minutes, 4*09 seconds. This is a true or sidereal day ; 
termed sidereal, from siduSy a star ; as this day is reck- 
oned from the time of any star being on the meridian 
of a place till it returns to the same meridian again. 

362. A celestial object is said to be " on the meridian 
of a place," when the plane of its terrestrial meridian, 
on being produced, would pass through the object (see 
Par. 201). And the coming of the object on the meri- 
dian is called *' its appulse to the meridian.'* 

363. The equatorial parts of the earth's circumference re- 
volve at the rate of 17*3 miles per minute, or 1038 miles an 
hour. 

364. The interval between two successive appulses of 
the sun to the meridian of a place is termed a solar 
DAY : — ^that is, the time from the sun being on the meri- 
dian of a place till the earth's rotation brings it round 
again to the sun. 

365. The solar day, for reasons stated under " Divi- 
sions of time," is longer than the sidereal day, and is not 
always of the same length. — The length of the mean 
solar day is 24 hours. 

366. The earth completes her revolution round the 
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sun in 365 days, 5 hours, 48 minutes, 49*7 seconds ; 
which period is termed a tropical year. The earth 
moves in her orhit at the mean rate of 18^ miles in a 
second, or 1110 miles every minute. 

367* The sidereal year (see precession of the Equinoxes) 
is longer than the tropical year by 20 minutes L9*9 seconds ; 
being 365 days, 6 hours, 9 minutes, 9*6 seconds. 

368. The mean diameter of the sun, as seen from the 
earth, is about half a degree, or thirty-two minutes (32'). 
Its apparent diameter on the first of July, when furthest 
from us, is 31' ST' — on the 31st December, when nearest to 
us, 32' 35"-6. 

369. That is, supposing a great circle of the heavens to 
be divided into 360 equal parts, the sun^s diameter would 
be equal in length to one-half of one of these parts or degrees. 

370. The mean daily motion of the earth is 59' 8"*33 ; 
motion on 3l8t December T l'9"-9 ; on July 1st 57' 11"'6. 
The mean velocity being 1 '00000, the velocity on 31st De- 
cember is 1*03386; on July 1st, 0*96614 (280-1). 

371. The axis of the earth is considerably inclined to 
the plane of its orbit. It makes an angle of 66° 3i' 20" 
with the ecliptic, thus leaning 23° 28' 40" from the per- 
pendicular to the orbit. Hence arise the changes in the 
seasons and in the length of the day. — See Se^ns. 

372. Hence, her tropics, representing the furthest north and 
south parallels to which the sun is vertical, are 23° 28' 4(y' 
from her equator ; and her arctic circles, the parallels within 
which the sun occasionally never sets, or is never seen, are 
23° 28' 40" from her poles. 

373. The extent of the inclination may be seen in Fig. 
10, page 25. Let the Une a represent the ecliptic ; then 
N S will show the direction of the axis, forming an angle of 
23° 28' 40" with Z n, the perpendicular— or, an angle of 
66° 31' 20" with a 0. 

374. The axis of the earth preserves the same direction 
daring the whole of it«i revolution round the sun ; heing, 
in any situation, parallel to its position in any other 
situation. 

375. As the earth's axis b alv^ys parallel to itself 
and the greatest distance of any two positions of the earth 
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(from its aphelion to its perihelion) shrinks to a point 
in comparison with the distance to the fixed stars, the 
earth's axis always points to the same place in the stany 
heavens, close to the north pole-star. This may readily 
be ascertained by observing the position of our pole-star. 
If this star be watched, at whatever period of the year, 
or at any time of the night, and its situation ascertained 
in referenpe to any fixed object, as a pillar or comer of 
a house, it will be always found in the same relative 
position to that object. 

376. The mean density (see note, page 67) of the 
earth is about 5, compared to that of water as 1. The 
density of the parts at the surface is only 2'5, 

577. The force of gravity at the earth's equator is 
diminished about 1 -289th by centrifugal force : from 
this cause alone therefore, a body will weigh l-289th 
less than at the poles. From the spheroidal form of the 
earth, the force of gravity is 1 -690th less at the equator 
than at the poles. — The total difference in the force of 
gravity at the poles and equator, is equal to the sum of 
these quantities, or l-194th, for ^J^ and jj^ make j\^. 
Accordingly, a body which weighs any given quantity 
at the poles, as indicated by a spring balance, must be 
increased in weight by 1- 194th part, to produce the same 
efiect on the spring at the equator.* 

378. The temperature of the earth at the surface is 
regulated entirely by the solar influence ; — ^see Climate 
and Seasons. But this influence does not extend above 
100 feet below the surface, owing to the slowness with 
which heat travels through the matter of which the 
crust of the earth is composed* 

379. The earth is found, in every part where it has 
yet been tried, to become sensibly and regularly wanner 
in proportion as the distance below the surface is greater ; 
the temperature increasing about one degree Fahrenheit 
for every descent of 45 or 50 feet. From this it is 

* The increase of the force of gravity from the eouator towards 
either pole is in the proportion of the square of the sine of thf 
latHude, 
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inferred that the parts in the interior are very hot, and 
perhaps so much so as to he kept in the fused condition, 
and he fluid. 

The Moon {Luna\ ]) . 

380. The moon is a satellite or secondary planet to 
the earth, round which it revolves, and with which it is 
carried annually round the sun. 

381. The mean distance of the moon from tlie earth 
is ahout two hundred and thirty-seven thousand mile» 
(237,000). Her distance from the earth does not vary 
much. Her excentricity is ahout l-20th of her mean 
distance from the earth, or ahout 12,000 miles. 

382. The earth will appear at the moon about 13 times 
larger than the moon does to the earth ; and supply that 
satellite with a proportionately more brilliant light than she 
affords to us. 

383. The diameter of the moon is 2160 miles, a little 
more than l-4th of that of the earth. The bulk of the 
moon is about ^^th of that of our earth, or as *0204 to 1. 

384. The moon performs her revolution round the 
earth in 29 days, 12 hours, 44 minutes ; and appears to 
turn upon her axis in the same time. This is the period 
from one new moon to the next, — from the time of the 
moon being in conjunction with the sun till she comes 
to the same position again, — and it is termed a synodical 
month, or her synodical revolution. 

385. The moon moves in her orbit at the rate of 2-3ds of 
a mile each second, 37*9 miles in a minute, or 2277 miles 
per hour. 

386. From the period of the moon's rotation on her 
axis being the same as that of her revolution round the 
earth, she always presents the same side to the earth. 
And that side is never totally dark, having one fortnight 
of sun-light, and being illuminated by the earth the 
other fortnight. The other side has alternately a fort- 
night of sun-light and a fortnight of darkness. 

387. Viewed, not with respect to the sun, but to the 
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stars, the moon is fonnd to return to the same star hi 27 
days, 7 hours, 48 minutes. This is termed a sidereal or 
periodical month ; and is the true period of the moon's 
revolution round the earth and on her axis, 

388. The plane of the moon's orbit forms an angle of 
5*^ 8' 47-9" with the plane of the earth's orbit ; so that iht 
two orbits are not very far from being in the same plane. 

889. The moon's axis scarcely leans towards the earth's 
orbit, forming an angle of 88° 30' with the plane of the 
ecliptic, — or leaning only 1° 30' to the ecliptic — Bemg 
so nearly perpendicular to the plane of the ecliptic — ^the 
path in which the moon moves round the sun — the 
moon can have little or no change in the seasons^ or in 
the length of the day. 

In subsequent sections, the moon, and leading pheno- 
mena in which she is concerned, will be more fully de- 
scribed. 

(4.) The Planet Mars^ i . 

390. Mars is the next planet beyond the earth, the 
orbit of this planet lying between those of the earth and 
Vesta. — It is the first of the superior planets (226). 

391. The mean distance of Mars from the sun is one 
hundred and forty-four millions five hundred thousand 
miles (144,500,000). His distance from the sun varies 
considerably ; his excentricity is a little less than 1-lOth 
of his mean distance from that luminary. 

392. The diameter of the sun, seen from Mars, is to 
his apparent diameter at the earth, as 21 to 32, nearly 
as 2 to 3. The sun's influence at Mars is a little less 
than one-half of what it is at the earth— correctly, as 
95^ : 144^, or nearly as 9 : 20. 

393. The diameter of Mars is about 4100 milea— « 
little more than one-half of the earth's diameter. 

394. Mars rotates on his axis In 24 hours, 40 minutes 
(24»»' 39°»- 21"- ). 

395. Mars performs his revolution round the son in 
686 days, 23 hours ; moving in his orbit at the xato of 
15 miles in a second, or 900 miles per minute. 
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898. The planes of the orbits of Mars and the earth are 
nearly coincidait, the angle between them being one of only 
1** 61' 3"— See Fig. 12, page 39. 

997. The axis of Man is considerably inclined to the 
plane of his orbit, forming with it an angle of 61^ S5\ 
about 2-3ds of a right angle ; leaning from the perpen- 
dicular about 28^ 25'. l^erefore, there must be a con- 
sideiable variety in the seasons at Mars ; — ^more propor- 
tionally than at the earth, though less than at Venus. 

398. This planet is frequently pretty near the earth, 
and therefore, though snujl, appears tolerably large and 
bright ; but much less so than Venus or Jupiter. Mars 
shines with a distinctly red light, but is dull and dusky- 
looking. 

399. Owing to the great length of the diameter of Mart' 
ovbit, there is a very great difference between his distance 
from us in opposition and in conjunction ; so much so, that 
while his diameter appears equal to 18'' in opposition, it is 
only 4" in conjunction. 

400. When viewed through a telescope. Mars is found 
to exhibit phases ; his apparent magnitude varying ac- 
cording to the amount of the illuminated part which is 
turned towards us. This shows that Mars is not self- 
luminous, but shines by reflecting the sun's light. Also, 
the regions about the poles of Mars are observed to be 
more hright than the other parts. This, it is conjectured. 
Is caused by an accumulation of snow and ice around his 
poles, similar to what prevails in the polar regions of the 
earth. Snow and ice reflect light brilliantly ; and, if 
his poles are covered by these, as ours are, this certainly 
would give rise to a brilliancy in the appearance of these 
regions. The conjecture that this whiteness is caused 
by snow or ice is confirmed by the circumstance that it 
disappears after long exposure to the sun, and is largest 
and brightest after the winter of the planet. 

401. Mars is believed to possess a considerable at- 
mosphere (to the density of which, his ruddy colour has 
been ascribed) ; and his sarhce is variegated in a manner 
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trhich has been attributed to parts of it being covered 
with water. 

402. The presence of an atmosphere around Mars is con- 
jectured firom the appearance presented when be approaches 
any star. The star is dimmed, changed in colour, ttid dis- 
appears before it reaches the bod j of the planet, 

(5 — 8.) Asteroids. 

403. The asteroids are four small recently discorered 
planets, situated between the orbits of Mars and Jupiter, 
and termed Vesta, Juno, Ceres, Pallas. Thej are 
sometimes called telescopic, as they are not visible to the 
naked eye, but can only be seen by the aid of the tde- 
scope. 

404. Ceres was discovered by Pdlzzi, on the 1st 
January 1801 ; Pallas by Olbers, on the 28th Maidi 
1802 ; Juno, by Harding, on the Ist September 1804 ; 
Vesta by Olrers, on the 29th March 1807. — ^Their signs 
are Vesta §, Juno f, Ceres ?, Pallas ^, 

405. The following are the distances, in millions of 
miles, and periods of revolution round the sun, of these 
small planets : — ^Vesta, 223 ; 1335'7 days : — Juno, 252 ; 
1692 days:— Ceres, 261; 1681 days :— Pallas, 262; 
1686 days. 

406. The diameters of these planets have not been 
correctly ascertained. Vesta's diameter has been stated 
at about 1891 miles ; that of Juno, about 1400 miles ; 
Ceres, so small as 140 miles ; and Pallas, 1950. 

407. Their excentricities are considerable ; and they 
are remarkable for the great angle which the planes of 
their orbits form with the ecliptic, the inclinations being 
as foUows :— Vesta, 7° 8' ^' ; Juno, 13° 3' 28" ; Ceres, 
10° 37' ; Pallas, 34° 37'. See Fig. 12, page 39, m which 
their great departure from the plane of the ecliptic is 
shown : the lines furthest to the right show the inclina- 
tions of the orbits of these planets. From their orbits 
being so much out of the plane of the ecliptic, they are 
seldom seen in the zodiac, being generally above or below 
it ; while all the other planets constantly appear in that 
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2one of the hearens. Henoey these four planets tre 
sometimes termed ultra-zodiacal, t. e, out o^ or beyond 
the zodiac. 

408. The asteroids present several peculiarities^ in 
which they differ consideiBbly fix>m the other planets. 

409. (1.) They are extremely small, while, generally 
speaking, the phmets rather increase in size as they are 
more distant &om the sun. 

410. (2.) They are aU at nearhf the same dietanceflwn 
the mtUy — ^viz. yarying only from 223 to 262 millions of 
miles ; or, the nearest is only about l-5th (2-llths) of 
its distance nearer than the most remote ; whereas, a 
very different law prevails with respect to the other 
planets, — ^the distance between two planets increases in 
a very high proportion as they are further from the sun : 
as is seen as follows : — Mercury, 87 ; Venus, 69 ; Earth, 
95 ; Mars, 144. 

411. The following singular relation has been observed 
regarding the distances of the planets ; and it led to the 
conjecture of the existence of another planet between Mars 
and Jupiter, before the discovery of the asteroids. 

If the numbers, 0, 3, 6, 12, 24, 48, 96, 192, be taken, 
and the number 4 added to each, the sum will express the 
proportionate distances of the planets in order from the sun : 
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added aftwwards, 
192 -f 4 = 196, ... Uranus. 

A void being observed between the numbers 16 and 52, 
Professor Boi>£ conjectured that a planet filling up the 
▼acaojt number might exist, which was confirmed by the dis- 
covery of the asteroids, in the situation in the solar system 
indicated by the vacant place. 



84 ELEMENTS OF ASTBOKOMY. 

412. (3.) Their orbits are very far ont of the plane of 
the ecliptic, whereas the orbits of the other planets are 
nearly coincident with that plane. The orbits of Yenns, 
Marsy Jupiter, Saturn, Uranus, form angles with the 
plane of the ecliptic of from S"* 23' to 0® 46', and Mercury 
of 7° ; — but the angles which the asteroids form with 
that plane are 7°, 10*», 13°, and 34°.— See Fig. 1^ page 
39. 

413. These peculiarities have led to the singular oour 
jecture, that these four small planets originally formed 
one planet ; that that planet has been ruptured by some 
great convulsion, which has divided the one into /bur^ 
and thrown the fragments out of the fanner orbit (which 
perhaps was nearly coincident with the plane of the eclip- 
tic) into orbits deviating considerably from the general 
order. 

(9.) The Planet Jvvnmif If,, 

414. Jupiter is the next planet beyond the asteroids^ 
his orbit lying between those of Pallas and Satum. . He 
is the largest of the planets^ and, though so remote fr<wi 
the earth, owing to his great magnitude, often appears 
as bright and Icurge as Venus. 

415. The mean distance of Jupiter from the sun is 
about four hundred and ninety-three millions of miles 
(493,000,000). His distance from the sun does not vary 
much, his excentricity being less than l-20th of h^ 
mean distance. 

416. The sun*s diameter as seen from Jupiter is only 
l^Sth of its apparent magnitude at the earth,— correctly, 
as 6 to 32. The relative proportion of the sun's influence 
at Jupiter and at the earth is as 1 to 26 (as 95^ : 493^). 

417. The diameter of Jupiter is upwards of eighty- 
six thousand miles (86,000), nearly eleven times that 
of the earth. This is th^ equatorial diameter. 

418. The polar or shorter diameter of Jupiter is about 
l-14thy or 6000 miles, less than the equatorial diameter ; 
or, as 100 to 107. The great di£Ference between the 
polar and equatorial diameters of this planet is attri- 
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buted to the very great centrifugal force generated by 
his rapid rotation on his axis. 

419. Jupiter turns on his axis in a little less than 10 
hours, — correctly, 9 hours 55 minutes. His equatorial 
parts, therefore, revolve at the amazing rate of 7*5 miles 
In a second, or 453 miles per minute. 

420. Jupiter completes his revolution round the sun 
in 4332^ days, nearly 12 of our years (more correctly, 
11 years 314 days) : — moving in his orbit at the rate of 
8 noiles in a second, 480 miles in a minute, or 28,000 
miles per hour. 

421. The planes of the orbits of Jupiter and the earth 
9ie neariy colDcideat, the angle between tbem being only 1** 
J 8' 61". 

422. The axis of Jupiter does not lean towards the 
plane of his orbit, being perpendicular to that plane. 
From this, Jupiter can have little or no variety in his 
aeasons^ and little or no change in the length of Uie day. 
This planet, therefore, wiU have a perpetual winter 
around his poles, and continual summer in his equator- . 
ial regions ; and the weather oomparmtively uniform* 

423. When viewed through a telescope, Jupiter appears 
of a distinctly oval shape, f^om the extreme polar flattening. 

424. Also, there are observed on his surfacOf a num- 
ber of zones, striae, or BELTS, chiefly about, and in a 
direction parallel to his equator, and of a darker hue 
than the other parts. They vary considerably in form 
and position, and are therefore considered to be caused 
by dianges in the atmosphere of the planet : perhaps by 
miiform currents in certain directions, analogous to the 
trade-winds on the surfiEice of our own planet. — See 
Section Y., on the Trade- winds. 

Satellites of Jupiter, 

425. This planet is attended by four satellites or 
moons. These cannot be seen by the naked eye, and 
hence they were not knovm till after the invention of 
the telescope. In 1610, within a very short time after 
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the discoTery of this powerful instniment of astronomi- 
cal obdervation, the satellites of Jupiter were discovered 
by Galileo. 

426. They were called at first Medicea Sidera, or Medi- 
cean stars, in honour of the house of Medici. 

427. The distance from Jupiter of his nearest satellite is 
258,000 miles ; its diameter is 2508 miles ; and it levohet 
round its primary planet in 1 day, 18 hours, 28 minutes. 

42a The distanee from the ]danet of the next satdlite is 
412,000 miles ; its diameter is 2068 miles ; and it completes 
its revolution round Jupiter In 3 days, 13 hours, 14 minutes. 

429. Jupiter's third satellite is at a distance of 577>000 
miles ; its diameter is 3377 miles ; and it revolves round 
Jupiter in 7 days, 3 hours, and 43 minutes. 

430. The fourth and most remote of Jupiter's satellites Is 
distant fVom him 1,161,000 miles;— its diameter is 2890 
miles ; — and it occupies 16 days, 16 hours, 32 minutes in 
its revolution round Jupiter. 

431. The satellites of this planet are rather laigerin 
general than our moon. 

432. Jupiter's sateUites revolve round him from west 
to east^ as the moon does round the earth, and ihe planets 
round the sun* 

433. The periods of rotation on their axes are the 
same as their periods of revolution round their primary 
planet ;-— obeying, in this respect, the same law as our 
satellite, the moon. 

434. When the body of Jupiter interposes between 
the sun and any of his satellites, that satellite will 
disappear from our view, or be eclipsed, 

435. The eclipses of Jupiter's satellites are phenomena of 
considerable importance in practical astronomy. They af- 
forded the most accnirate method of determining the longi- 
tude of places on the earth's surface ; this mode, however, 
is now superseded in a great measure by lunar observations. 

436. The eclipses of the satellites of Jupiter have been 
the means of leading to the great discovery that the 
passage of light from one point to another is not instant^ 
aneousy hut requires a certain time; and they have also 
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enabled the rate of its motion to be calculated. This great 
discoveij was made by Koembr, a Danish astronomer, in 
the year 1675. 

437. Owing to the great distance of Jupiter from the 
sun, there must be a considerable difference between his 
distance from the earth when he is nearest us, or in op- 
position, and his distance when he is furthest firom us, 
or in conjunction.* Now, Rojbmer found that the 
eclipses of Jupiter's satellites took place sooner than 
might be expected when he was nearest the earth ; and 
hter than might be expected when he was most distant 
j&om the earth, the total difference amounting to 16 
minutes, 26 seconds. This he explained by the supposi- 
tion ihaX light doesnot pass instantaneously from one point 
to another, but requires time for its transmission, and 
that therefore the rays which intimate to us the eclipse 
of one of Jupiter's satellites, must be longer in coming 
to us when he is remote than when near, an eclipse in 
the former case appearing laUr than in the latter. That 
the variation from the computed time of an eclipse of a 
satellite of Jupiter is owing to light occupying time in 
its transmission, was afterwards confirmed by Bradley's 
great discovery of the Aberration of Light. 

438. Thus, we do not see distant phenomena at the actual 
moment of their occurrence, but some time after, sooner or 
later according to the distance. 

439. The velocity of hght, as computed from the aboire 
data, is 192,000 miles in a second, or about 11,820,000 
miles in a minute. 

(10.) The Planet Saturn, Tj . 

440. Tins is the most remote of the planets but one. 
Its orbit lies between those of Jupiter and Uranus. 
Saturn appears between Mars and Jupiter in magnitude, 
and shines with a rather dull light. 

* In opposition, the distance of Japiter from the earth will be 
the difference between the radii of the two orbits, 490 — 95 ; — ^in 
conjunction, the sum of the two radii, or 490+95. The difference 
between these two amounts to 190 miltions miles, or the whole dia- 
neter of the earth's orbit. 
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441. The mean distance of Satnin firam the son is 
nine hundred and fonr millions of miles (904^000,000). 
His ezcentricitj is more than l-20th of his mean diBtamy 
from the son. 

442. At Saturn, the son will present a diameter about 
1-lOth of that seen at the earth. The proportion of the 
sun's influence which reaches Saturn is about l-90th of 
that enjoyed at the earth — as 95^ to 004^« 

443. Gnbie equatorial diameter of Saturn is about 79,000 
miles. The polar diameter of this planet is stated to be 
about 1-1 1th less than the equatorial. HaTing a very 
rapid rotation on its axis^ it is to be ei^iected that Satnni| 
like Jupiter, will be Teiy much flattened at his poles. 

444. Saturn rotates on his axis in 10 hours 16 minutes. 

445. Saturn completes his revolution round the sun 
in 10,759 days, or about 29^ years ; — amoving in his 
orbit at the rate of about 6 miles in a second, or 360 
miles in a minute. 

446. The planes of the earth's oibit and of Saturn's 
are nearly coincident, the angle between them being only 
2* 29' 36". 

447. The axis of Saturn is not at right angles to the 
plane of his orbit ; but makes an angle of about 62? with 
that plane, leaning 28° from the perpendicular. There 
must be therefore considerable variety in the seasons at 
Saturn. 

448. When viewed through a telescope, stripes or belts 
are observed on Satum*s aur&ce, resembling those seen on 
Jupiter, but more faint 

449. The most remarkable feature observed about this 
planet is, an enormous EXNG by which it is surrounded. 
This very singular appendage (see the representation of 
Saturn in Fig. 12, page 39) seems to be of solid matter ; 
for it throws a shadow on the body of the planet ; and 
is thin, flattish, broad, and opaque. It is at a consider- 
able distance from the body of the planet ; and consists 
of TWO BiNOC, one within the other, and bo^ in the same 
plane, which is nearly the same as the plane of the 
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planet's equator. The lings latate, tn their etm phne, 
in about 10 honn and 29 minutes. Thus, the axis of 
lotation of the planet and its ring must be nearly the 
same. 

450L The inner mttgin of &e inner ring it about 19,000 
miles fiom die body of the planet ; and the breadth of this 
ring is 17)000 mikt. — The distance between the two rings 
is about 1790 niilet.-*The breadth of the external ring is 
upwards of 10,000 miks. — The thickness of the rings has 
been estimated at about 100 miles. 

. 451. The use of this stupendous object is probably the 
eame as that of the sateUitee — to reflect l^ht upon the 
planety<— an important object in the case of planets so 
remote from Uie sun. 

452. Galileo, in 1610-12, observed seversl remarkable 
peculiarides in the appearance of Saturn. In 105<)^ Hur* 
OXHS, prorided with better telescopes, discovered these pe* 
culiarities to be caused by a ring surrounding ^ i^siie^. 
Towards die dose of last century, about 1700, the ring was 
discovered by Sir William Herschel to be double, consist- 
ing of one ring within another, both in the same plane. 

SateOUetqf Saturn. 

453. This planet is accompanied by no less than seven 
satellites, llie six which are nearest to the planet have 
their orbits nearly in the same plane as the ring. Thet 
satellites of Saturn are supposed to reyolve on their axes 
in the same periods in which fhey complete their revo- 
lutions round the planet. Hiis has been ascertained of 
the seventh. 

454. The seventh is the laigest^ and is believed to be 
of greater magnitude than the planet Mercury. 

455. The first satellite is at a distance of about 130,000 
miles from Saturn, and revolves round it in 22 hours 38 
minutes:— the second is about 170,000 miles Arom the 
planet, and completes its revolution in 1 day, 8 hours, 53 
minutes : — the third is about 205,000 miles ftom Saturn, 
and its period is 1 day, 21 hours, 18 minutes t— -the dis* 
tanee of the fourth is about 208>000 miles ; its period 2 

d2 
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dtfys, IVhoun, 46 minatef :-^ihe >E/rA in about 375,000 
miles from Satuni, and sevolves zound him in 4 days, 12 
hours, 25 minutes : — the sixth is about 870,000 miles from 
the planet, and revolves round him in 15 days, 22 hours, 41 
minutes : — the distance of the seventh is about 260,000 
miles ; and its period, 79 days, 7 hours, 55 minutes. 

456. The satellites of Saturn were discovered by Hut- 
gens, Cassini, and Hebschel ; — the fourth by Hutgexs 
in 1655 — four others by CASSiiri in 1671 and subsequent 
years : the first and second by Da H£RBCH£jl in 1789. 

(11.) The Planet Uranus, fl[. 

457. Of the planets at present known, this is the 
most remote from the sun. Though of considerable 
magnitude, it is, from its great distance, rarely and with 
difficulty seen by the naked eye, 

458. This planet was discovered by the celebrated 
astronomer Sib William Hebschel, on the 13th of 
March 1781. 

459. It was called by him " Georgium Sidus,*' in honour 
of George III., and by some astronomers, '^ Herschel,*' in 
honour of the discoverer. The name Uranus, however, from 
one of the characters in the ancient mythology, is preferred, 
as being more in harmony with the appellations of the other 
planets. 

460. The mean distance of Uranus from the sun 
is eighteen hundred and nineteen millions of miles 
(1,819,000,000), a little more than 19 times the distance 
of the earth from the sun. — The distance of Uranus from 
the sun does not vary much^ his excentricity being less 
than l-20th of his mean distance. 

461. The sun's diameter appears at Uranus of l-19th 
the apparent magnitude at the earth, as IJ to 32 : — and 
the proportion of the sun's influence enjoyed by this 
planet is only l-366th of that experienced at the earth : 
as 95^ to 1819^. 

402. The diameter of this planet is nearly 35,000 
miles. 
463. Uranus completes his revolution round the sun 
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in 30,686 days, about 84 years ;-^iiioyizig in his orbit at 
the rate of 4 miles in a second, or 240 miles every 
minute. 

464. The plane of the orbit of Uranus if more nearly co- 
incident with that of the ecliptic, than in the case of any 
other planet, the angle between them being only 0° 46' 26". 

Satellites qf Urantts. 

465. This planet is attended by six satellites. They 
were first observed by the discoverer of the planet itself, 
Sir William Herschel, in the years 1787 and 1798. 

466. The nearest is about 227,000 miles from the planet, 
and revolves round him in 5 days, 21 hoiurs, 25 minutes. 
The most remote is ahout 1,600,000 miles from Uranus, 
and completes his revolution round him in 107 days, 16 
hours, 40 minutes. 

467* These satellites present some remarkable pecu- 
liarities and departures ^m the usual order in the solar 
system. The planes of their orbits are nearly perpen- 
dicular to the plane of Uranus' orbit, forming an angle 
of 78^ 58^ with the plane of the ecliptic (464) ; and 
they do not move in the same direction which prevails 
every where else in the solar system, viz. from west to 
east ; but in a retrograde direction, t. e, from ea^t to west. 



III.— COMETS. 



468. The comets are those stars which appear at times 
in various parts of the heavens, describing an apparently 
irregular course when compared with the planets ; ap- 
proaching very near to the sun, and again receding to a 
great distance from him and disappearing. 

469. Comets appear under veiy various aspects. Usu- 
ally, there is a brilliantluminous point called the nucleus; 
the coma or hair is the more di£fuse light surrounding the 
nudeufl ; these two constitute the head; and there is 
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often present, ihongh not always^ a long luminous ap- 
pendage, called a taiL The tall is turned in a direction 
from the sun : and frequently is bifurcated, that ia^ 
divides into two branches, sometimes into more. Occa- 
sionally it is bent into a gentle curre. 

470. The comets are considered to be masses of vapor- 
ous matter, or solid nuclei surrounded by much aerial 
matter, reyolving round the sun in veiy elongated 
ellipses, so that at one time they are rery near the earth 
and sun, and at another time very remote from these 
orbs. — See Fig. 11, page 37, in which the entire orbit of 
one comet (that of Biela) and part of the orbit of another, 
are represented. 

471. The tails of the comets vary considerably in 
magnitude. The tail is often scarcely perceptible at 
first, enlarges as the comet approaches to the sun^ is 
most developed just after it has passed its perihelion ; 
and gradually diminishes as the distance from the sun 
increases, and the influence of that body lessens. The 
tails of some comets have been estimated at upwards of 
100 millions of miles in length. Some have had the 
extremities of their tails in the zenith, while they them- 
selves were in the horizon. From the above phenomena, 
it has been conjectured that the tails of comets are 
formed of matter ejected from its body by the influence 
of the sun's heat. 

472. The comets revolve in extremely excentric* 
orbits. The great comet of 1680 was calculated to have 
approached within about 150,000 miles of the sun, — 
about one-sixth of his diameter. 

473. The periods in which several of the comets re- 
volve round the sun have been computed, and the cor- 
rectness of the calculation proved by the return of the 
comet several times. 

474. A very bright comet was recorded to have been 



* Exoentiic, out of the o«ntre— the focus bein^ far from the centre 
of the ellipse. This ebngates tiie major axis (51 ), and causes 
the aphelion and perihelion to be at very unequal mstances from 
the sun.— See Par. 186-7-8. 
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seen in the years 1581 and 1607. In 1682, a comet ap- 
peared, which ¥^as ohserved by the celebrated astronomer 
Halley, and calculated by him to be the same which 
bad been seen in 1531 and 1607. He accordingly pre- 
dicted its return in about 1758, computing it to have a 
period of between seventy-five and seventy-six years. 
It did appear, to the great delight of the astronomical 
world, in 1759, nearly about the assigned period ; its 
delay being caused, as predicted by Halley and cor- 
rectly calculated by Glairaut, by the action of Jupiter 
and Saturn upon it. This comet has again, in 1835, 
returned at the calculated time. In 1682, the tail of 
this comet stretched over a space of 30°. It is conjec- 
tured also to be the same comet which appeared in 
1805 and 1456. 

475. The comet of BieiiA performs its revolution in 
the short period of 6| years. It doea not pass much 
beyond the orbit of Jupiter. The orbit of this comet 
is represented in Fig. 11, page 37 — ^the dotted ellipse, of 
which the outline is complete. It is not visible to the 
naked eye. 

476. The comet of Ekoke has a still shorter period, 
3| yeara^ or 1207 days. 

477* The latter, the comet of Ekcke, has led to some 
singular speculations regarding the existence of a fluid, jailed 
the eiheTf supposed to be spread out through space. Its' 
period of revolution round the sun is found to be diminishing. 
This is attributed to a reristanoe opposed to its progress by 
some material fluid through which it passes, which weakens 
its centrifugal force, gives the sun's attractive fbroe larger J 
proportionate power, enaUes that body to draw it into a 
smaller orbit, in which it moves more rapidly, and therefore 
runs through its course in a shorter time. 

478. Some comets have been so exceedingly bright, 
as to be visible in daylight. This was the case with 
the great comets of 1402 and 1532. 

479. The number of comets which circulate in the 
solar system is supposed to be very great, — ^perhaps 
thousands. Hundreds have been recorded; and it is 
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believed that the proportion of comets which are 
visible to us must be very considerably under the num- 
ber which really exist. 

480. Comets appear in all parts of the heavens, move 
in all directions, and with very different degrees of velo- 
city. They are not, like the planets, confined to the 
zodiacal belt. 

481. Comets are considered to be mostly, if not en- 
tirely, in the aerial state, for the following reasons. The 
stars, even those of very small magnitude, can be seen 
through the substance of many of the comets. They 
have been found to cause no sensible derangement in 
the motions of some of the satellites of Jupiter near to 
which they have passed ; while they themselves have 
been considerably influenced and diverted from their 
course ; indications that their mass (263) is small, and 
therefore, as their bulk is considerable, that they are 
most probably in the aerial state. Also, they present 
no phases, which seems to show that light is reflected from 
every part of the comet, and hence, that the sun's light 
penetrates their substance, which also indicates an aerial 
state. 

482. In ancient times, comets were supposed to resemble 
planets, and like them, to go through certain revolutions in 
regular periods. But from the commencement of the Chris- 
tian era to the time of Tycho Brahe, they were generally 
regarded by astronomers merely as meteors, existing in 
the atmosphere. He found that their distances were beyond 
that of the moon ; and the idea that comets are at consi- 
derable distances, and revolve round the sun in regular 
periods, was confirmed by Kepler, Hevelius, Do&fel, 
^EWTOir, and Halle r. 
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SECTION IV. 
DAY AND NIGHT — CLIMATE — SEASONS. 

1. Day and Night. 

483. The constant and regular alternation of a period 
of light, termed day, and a period of darkness, called 
NIGHT, is caused by the earth's rotation on its axis. 

484. The word day, as used in this section, signifies 
the period of light, that is, the period during which the 
sun is above the horizon of a place (197-8) ; night, the 
period when the sun is below the horizon of the place, 
and darkness prevails. 

485. The change from night to day and day to night 
takes place in the following manner : — The sun en- 
lightens only that half of the earth's surface which is 
turned tow£^s him, while the other half is in darkness ; 
— and, as the earth, by its rotation on its axis, success- 
ively presents every part of its surface to, and turns it 
from, the sun,* each part must have alternately light 
and darkness, or day and night. 

Proportions of Day and Night at different Places. 

486. At the equator, the day and the night are of 
equal length during the whole of the year ; — and there 
is a day and a night during each rotation of the earth 
on its axis, t. e. in every 24 hours ; — the day and the 
night being 12 hours long each. 

487. At the POLES, the day and the mghi are of equal 
lengUi during the whole of the year ; — but there is only 
one day and one night during the whole of the year, each 
being about six months in duration. 

488. At other parts of the earth's sur&ce the duration 
of day and night is different at different places, and at the 

* Not that every part of the earth's surface is turned towards the 
sun during each rotation ; for this is not the case — but, during the 
year, every part of the esjrth's surface fs at some period turned to- 
wards the sun. 



90 EUUmNTB OF ASmOllOMT. 

same plaoe at different times. The parts north of the 
equator (northern hemUphere) and those south of the 
equator (jsotUhem hemisphere) are always in exactly 
opposite ocmditions with respect to day and night. At 
corresponding latitudea^ north and south ^that is^ at 
latitudes equally distant from the equator), one has 
day when the other has night, the one's day is equal 
to the other's night, the one has short day and long 
nighty when the other has long day and short night, 

489. At two periods in each year, there is equal day 
and night over all the world ; — and a day and a night 
during each rotation of the earth. These two tunes are 
termed equinoxes (211). They are, MazchSO, the spring 
or vernal equinox, and September 22, the auhtmnal efui- 
nox, 

490. From the equator to latitude 66^ 92f north, and 
to the same distance south, the day and night are un- 
equal at different places, and at the same place at 
d^erent times, excepting at the equinoxes : — and there 
is always a day and a night during each rotaticm of the 
earth on its axis. These latitudes, it must be observed, 
are 29^ 28^ distant from the poles. 

491. From latitude 66® 32', north and south, to eadi 
pole, the day (484) or period of sunshine, during part of 
the year, oonHnuesfir several rotations qfthe earth on its 
aais ;* the time the sun remahis above the horiaon varies 
from nothing to six months ; the day is extremely long 
when there fixst comes to be a day and a night during 
each rotation ; and the proportions gradually change till 
there is conHnual night during several rotation»-*fiiid so 
on. 

492. The regions on each side of the equator, for 23° 
28^ north and south of it, are called the torrid sons ;— 
or ^iropioal regions^ lying between the tropics of Cancer 
and Capricorn. The regions between the tropics and 
the aictic circles, <• e. to kt. 66® 82', are called tbmpeb- 
ATB ; and the districts around each pole for 28® 28' from 



* That it, f«r wswenl dmgs of 24 himrt, the mm Oflver scti. 
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it,i.e. within tiu polar drole^ we tbe F<ii>An or FBomt 
ngion*. Tlrai, in Fig. 26,l>elow, if rf«, m«, be the polar 
ciiclat, e n and ep tiie Uopici of Cancer and Capricom, 
then the regions north of da and south of mo are the 
/tWMn region* ; those between tie and or, and betweea 
m« and ep the temperate regions ;— «nd the part* be- 
tween OB and ep the torrid lone. 
Fig.S6. 
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Mantwr in uftkA thete D^enacet occur, 

4S3. The line between the dai^ part and the enlig^t- 
raed part of tlta earth's surbce iscaUed tbe vvamniATom. 
It nwf be oelled the ionndary Uae between night ood 
day. It form* a great circle (54), all roond the glob^ 
ita ^aoe pasaiiig throogh the oenbre of the earth : m 
1%. Xfi, above, the line *t^ bordering the shaded part, ~ 
is the terminator. The ran is alnwya perpefiHicalar to 
the plane of the terminatoTi 

4M. The tenninator is on eBoh ^t of tba earlli's 
nr&ce at two periods during each rotation ; first, when 
it ii swirMe, and, again, when It is tu»att at that plaoe ; 
and the son is on the meridian of a place, or thue is mid- 
dqr, when the place isequallj distant on both sides from 
the leouinator ; also, the length of the day and the night 
at difierait places depends npon the proportionate lengths 
of time which are ^lent on each side of the tenninator. 

4Q&. The sun is always perpendicular to some port of 
the earth's snriace, i. e, is always in the aoiith at some 
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place : and the teiminator will be 90^ distant, all round, 
from the spot on which he is vertical at any time. 

496. During one rotation of the earth on its axis 
(disregarding the earth's motion in its oibit during the 
time of one rotation), the parts suooessivelj brought 
round to be perpendicularly imder the sun will be tkeee 
in the same parallel of latitude. Thus, if in Fig. 26, 
page 99, ANES be the eui^h, NS the earth's axis, S at 
the side the sun, and n the point at which the sun is 
vertical, the line dOy supposed to represent the termin- 
ator, will evidently be 90^ distant ^m n. And as N S 
is the axis, about which the earth tums^ the points that 
will be successively brought into the position of n by 
the rotation, will be those on the parallel C n ; and the 
sun is then said to be vertical or perpendicular to that 
parallel : for, although he is perpendicular only to one 
point of it at a time, viz. where it is mid-day, he is 
during the whole rotation perpendicular to some part of 
it. 

Long Day, S^c. in the Northern Hemisphere. 

497. Now the sun on the 21st of June is perpen- 
dicular to the north tropic (tropic of Cancer), which 
is only 66° 32' from the north pole : accordingly the 
terminator will then be 90° from that parallel, or 23° 
28^ beyond the north pole : that is, reaching to the arctic 
circle. In revolving, therefore, that pole and all within 
the aarctic circle (the parts around it for a distance of 
23° 28'* south) wai have continual day ; for they will 
never cross the terminator in their revolution. The sun 
will not set there, but describe a circle near the horizon 
varying slightly in its elevation. The parts further 
south, from lat. 66° 3^' to the equator, will describe 
more than half of their daily circle on the enlightened side 
of the terminator y and have longer day than night. And 
the proportion without the terminator will diminkh as 
the place is further south, till, at the equator, an equal 

•66«a2'+23''28'as90'. 
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portion of the time of rotatba wiU be spent on each 
side of the tenninator, and the d»y aod the night will be 

488. The tropic of Cancer, latitude 23° 28', is the 
furthest north parallel to which the eon becomes perpen- 
diouloT. At places further ngrth, he nerer resches the 
zenith, — never appears perpendMular — and his elevation 
is less as the place is more norths 

499. This will be better nnderstood by referring to 
the adjoining figure, which illustrates the relation of 
the dark and iUomined parte when the sun is on the 
tropio of Cancer. 

Fig. M. 




Let A N E S represent the earth, N the north pole, S 
the south pole, N S the axis about which it turns ; S, at 
Uie right, theeun,<JAo the past of the earth not receiT- 
ing the son's %ht, d o the line of tti« terminator. Let 
d e be the orctio ciivle, 23° 28' from Ifce north pole ; «t, 
Om tropic of Cancer, 28" 28' from the equator. It will 
be seen horn the position of the sun that the north pole 
is turned towards it, and the south .pole from it. Asy 
point, in revolving, will take twelve hours in passing 
from one side of N S to the other, as from e to d, or ti to 
C, and twelve hours in returning again : and the middle 
(tf each twelve hours will be where the point cmsaes 
NS. Now, the planet revolving about NS, it will be 
at once evident tluit any point north of the dotted ciicle 
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ds (the arctic circle), will never be ont of the sun*8 
raysy and therefore have constant day ; that any pohit 
£ram ^e to A £ the equator, will be more than half the 
period of rotation without the terminator ; that it will 
be a less proportion of its course without the terminator, 
as it is further south from de ; that any point in AE 
will spend half its course within, and half without the 
terminator, as that circle cuts A E, the circle in which 
such a point revolves, exactly in the middle. 

500. The point A, for instance, revolving in 12 hours 
from hioly will have h for its mid-day or noon, when 
nearest to the sun ; the point Xr, where the circle h I 
cuts the terminator, for sunset ; and / for midnight. As 
the period from noon to sunset (from ^^ to Ar) is longer 
than that from sunset to midnight (Ar to /), so likewise 
the time from sunrise to noon is longer than that from 
midnight to sunrise ; — and the whole day of that point 
will be longer than its night. 

Short Day in the Northern HemUpkere, 

501. On the 22d of December, the sun is perpendicu- 
lar to the south tropic (tropic of Capricorn), which is 
2SP 2ef wuth of the equator, or 113* 28' (28* 28'+ 90°) 
ftom the north pole. Accordingly, the sun will then be 
90* ^m the arctic circle, and the terminator will be 23* 
28^ on tiUs iide of the north poie. In revolving, therefore, 
that pole, and all within the arctic circle (the parts 
around it for a distance of 23* 28' north), will have con- 
tinual night, for they will never cross the terminator, 
bat just skirt it in 'their revolution. The sun will never 
rise there. The parts further south, from 66* 32' to the 
equator, will describe more than ha^ their daUy circle on 
the dark Me of the terminator y and have longer day than 
night. And the proportion within the terminator will 
diminish as the place is further south, till, at the equa- 
tor, an equal portion of the time of rotation will be 
spent on each side of the terminator, and the day and the 
night will be equal. 

602. The treble of Capricorn, latitude 23* 28' south, is 
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the fortheat sooth paralkl to which Uw ran beoom« pM^ 
pendicuUr. At places tiirtber south, he never leachea 
the wmitli — never ap^eaa pGt|>«ndiciilai<— and ^pcKS 
lower SB Uie place is farther south. 

503. This will be better understood hy reference to 

the Bdjoining &gaie ; which illostxateB the lelation of 

KC.27. 




the dark and illumined parts when the sail fs on the 
foopic of Capricorn. The same Ittters indicate- the same 
partfi as in tiie former figure (page 99), excepting tfaooe 
at the tenmnator, which ia now from etom, completety. 
enveloping in the diade the norUi pale and the n^ions' 
around it for 23° 28' south. ^S^ithin the arctic otrele 
there will be continual night. From that panJkl to 
the equator AE, any point, in its daily rotation, will' 
pass &om mid-day to the terminator before it has gone 
through half of its circle, and will therefore have looget' 
night than day. It wiU be enveloped in the dark hiif 
socmer after noon, and have longer night, In proportim 
as it is newer to the pole. And as tha terminator em 
still cuts the equator in two equal parts, there will "hi- 
equal d^y and niglit at the equator. Thua, the nme 
point h is seen to pass to the point li, where it meets 
the tcominatoc, in less than six hours, and to be more 
than six hours in revolving &om A to ^ its midnight. 
From midnight to sunrise will also be more than six 
houn; anditawluleuight must begreaterthanits day. 
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504. Thus, the northern hemisphere, with respect to 
the dark part of the earth's surface, is placed on De- 
cemher 22 (in Fig. 27) in exactly the same position for- 
merly illustrated with respect to the illumined part. 

State of the Southern Hemisphere, 

505. As already mentioned (488), the two hemispheres 
are alimys in exactly opposite conditions in regard to 
day and night, except at the time of the equinoxes. 
This is at once seen hy inspection of Figures 26 land 27. 
When the sun is on the north tropic (Fig. 26), and the 
north pole is entirely in the illumined part, the south 
pole is entirely in the shade. When the sun is on the 
south tropic (Fig. 27)$ the north pole is out (^the reach 
of his rays, and the south pole is nerer out of them, &c. 
At the equinoxes, when the sun is perpendicular to 
the equator, and the terminator passes through both 
poles, each hemisphere is situated in the same pomtion 
with respect to the sun's rays, and are therefore in 
similar conditions as to day and night. 

Equal Day and Night over all the Earth. 

506. At the equinoxes, the sun is perp^idicular to 
the equator, or appears in the zenith at that parallel, 
and the terminatory always 90° distant &om the parallel 
at which the sun is vertical, paseee through both poles ; 
and its plane passes through the earth's axis. Then, 
there is equal day and night over all the earth : for every 
part will spend half of its rotation without and half 
within the terminator. 

507* This is illustrated by the following %ure, which 
exhibits the state of the world with respect to day and 
night when the sun is on the equator. The sun is seen 
perpendicular to the earth at the equator, the terminator 
crossing each pole 90° on each side from the point to 
which the sim is vertical. 

508. In this figure, it is evident that each point in the 
illumined half, N £ S, in revolving from the sun, or its 
noon, as A, to its midnight l, will cross the tenninator 
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at k, exactly half-waj between these two periods — that 
is, iu six hours. The same will lake place in passing 
filom I back to A ; and the night and day must thcM&te 
be eqnal on every part of the earth's surfaoe. 

500. At the poles at this period the sun will appear 
to more round the horizon ; and, as he thus neither 
rises nor seta, there will be continual day there. For 
some time after, also, as refraction and reflection prolong 
the day, there will be continual day there, even though 
he be actually a little below the horiioo. 

Of the Chahqb in the Length of the Day. 

010. The gradual change of the length of the day 
occurs in the following manner : — When it is said that 
the sou tiaTels from or to any parallel, it ia meant that 
he tivvels from being vertical to it, or to beii^ vertical 
to it. 

fill. Wlien the sun is vertical to the tropic of Cancer, 
he ia at the fortbest north parallel which he reaches 
(fig. 26), and from that travels south &om » to E and 
p i—by this, the terminator slowly wheels round from 
do (Fig. £6) to N S (Fig. 28), and then onwards in the 
same direction till it reaches e m (Fig. 27). This brings 
more and more of the northern hetnisphere into the 
shade, so that each part in revolving is more of ito 
time on the dark side of the terminator, and its day gets 
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shorter till the termmator gets to em. There the sun 
ceases its motion south, and hegina to retrace his steps 
from p by E to Tty whidi causes the terminator also to 
retrace its course, and move back from e m by N S to do. 
This gradually brings more and more of the northern 
hemisphere into the illumined half, so that each part in 
revolving is less of its time on the dark side of the ter- 
minator, and its day gets longer till the terminator econes 
tod Of when it beghis to move back, and the same senes 
of chaises occur again. 

512. The exactly opposite series of changes goes on in 
the southern hemisphere. 

513. This is partly illustrated by Fig. 25, page 97, 
where the sun is represented on its way south^ now per- 
pendicular to a point further south than the tropic of 
Cancer,and the terminator has advanced to i v, towards the 
north pole, and receded from the south pole. Thus^ the 
day and night will not vary so much as when the sun 
is on the tropic, and a smaller circle around each pole 
will have constant night or constant day. 

The following is a summary of these changes. 

514. On June 21, the sun is on the north tropic, the 
north hemisphere is most turned towards the sun, and 
it is therefore long day north of the equator, and shortest 
day south of it. The day gradually shortens in the 
northern hemisphere and lengthens in the southern till 
the 22d December, when the sun is on the south tropic, 
and the southern hemisphere is most turned towards tlie 
sun, and it is longest day in the south hemisphere, and 
shortest day in the north hemisphere. From this posi- 
tion the day gradually shortens in the southern hemi- 
sphere, and lengthens in the northern hemisphere, till 
the 21st of June, when the same series of changes re- 
commence. The days and nights have been equal all 
over the world at the two times when the sun, in passing 
south and north again, was on the equator ; September 
22 and March 20. Thus, the sun oscillates backwards 
and forwards between the tropics. At the tropic of 
Cancer, he is highest above the hoiizon to those north 
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of the equator ; at the tropic of Capricorn, highest to 
those south of the equator. When on the equator, the 
BUD i^pears at the same deTBtion, at correflponduig Uti- 
tudes north and south. 

Cautes qfthete Difireneei and Changet. 

515. Three causes unite to produce these differences 
in the length of day and night at different places and 
different times.^ — 1. The earth's annual motion round 
the sun. 2. The earth's axis being inclined^ and not 
perpendicular, to the plane of its orbit 3. The earth's 
axis remaining always paraUel to itself in all parts of its 
orbit (374-5). These causes place the earth and sun 
in Buccessive relative positions, which give rise to these 
changes. 

518. From the axis of the earth being inclined to the 
plane of its orbit, one pole leaiM towards the sun at one 
period, whQe the other is turned from the sun ; when 
the earth has moved from that point round one quarter 
of its orbit, the axis wiU be placed sideways with re- 
spect to the sun, and each pole will be equally inclined 
towards the sun. As the earth advances and completes 
another quarter, the poles now reverse their relative 
positions ; the pole formerly turned towards the sun la 
now turned from it ; and the other leans towards the 
sun. On completing another quarter, the axis will he 
again placed sideways towards the sun. As the earth 
proceeds onwards it gradually gets into the position 
which it occupied at first. 

517. This will be better illustrated by the following 
figure. Let the twelve circles represent the earth in 
twelve different parts of its course round the sun. Let 
the line n 9 represent the axis of the earth, n being the 
north pole, s the south pole. The terminator is seen 
always perpendicular to the sun, but varying its position 
with respect to the axis n«, which points, in all the 
positions, in the same direction. At tiie top is seen the 
position on December 22, the north pole within the dark 
half, and turned from the sun, the south pole in the 

E 
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ilhunined hal^ and lemdng inwards the san. At the 
left and right, the positions on March 20 and Septemher 
2S are represented, the terminator passing through the 
north and sonth poles, and the axis lying sideways to- 
wards the sun, so that each pole is equally under the 
sun's inflnence. At the hottom is seen the position on 
June 21, th^ north pole in the sun's rays ; the south 
pole in tJie shade.* 

518. The following figure will illustrate still better the 
Mate of the different parts of the earth at different seasons in 
regard to light and shade. The peipendicular straight line 

* An attentive itadj of the preceding figore, and of the inelina- 
tion of the axis to the terminator, will conyey a precise idea of the 
varioos changes. The figure is irrM^lar as a drawing, hetjog a 
mixture of plan, section, and perspective, but gives a dear view of 
the effect of the earth's motion round the sun, on the relation of 
the terminator to the different hemispheres. 
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Fig. 30. 




reinenntB the etrnh's axis, iU two extremhiea being the tvo 
pdo. The UnniiuttiT is distiDctlj seen, the gentl; curved 
line between (he daik and light puts. The nonh pole i* 
■hoTn at the upper part in each of the (out poBitioni, with all 
the meridian linn ndlating Emm il. At the top It is leen 
ealird; euveloped in daihieaa, and so that the earth's Totatioa 
about its axil doea not bring it at all out of the ahade. At 
(he ildea, the tenaitutoi ii uen peeling through both palet, 
tho aiia Ifing aldewajs tovaida the sun. At the bottom, 
the north pole and ngiooe around it eie seen entitelj ia the 
mamiiied part, having conlinual da;. Tbe upper poaicion 
iqncaenta December 21, tbe lower June SI, the tolttica ,■ 
— Jbe two (idee, March 20 and S«ptenibeT 23, the egviiuagi. 
fil9. The date at each position in Fig. 29, diowa the 
period when the earth gets into each position ; and the 
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Bocompanyii^ ehametar a the agtnoomkal mark for 
ttw Hga, or port of the xodiat in which the sua sppean 
at the time of the «anh. wttwiag into encb. podlioD. 
Of couiK, the earth, a4 seen &>m t)ie bud, would appear 
in the opposite sign, ^^^ 

£20. The ZODIAC, or belt of the hearens in which the 
BOD ajtpeaiB to move, is divided iot^ twelve ecjiial parts 
of 30° each, termed tigw aftk* tcodioo. Thef an ag 
fi>llow8> wiljk the time of the snu'a entering into each. 
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1^21. The Sim does not cniter i&to the <x>ast6lktion8 
the flame name as ihe sigtu at the same petiods as form« 
edy, owing to the preo0SBiO& g( the equinoxes (193-4)^ 

922, Thug, the effect of the earth's motion round the tun 
is to make the latter appear to o&ciUate hackwardi and for- 
wards between fhe highest and lowest positions, shown in 
Fi^ 37 and 26 — ^that is, franr being perpencticiilar to the 
tropic of CaprioMti, cp^ 23* 26^ south of the equator, on 
December ^— *to being, perpendicular to the tropic of 
Cancer, e v, 23** 28' north of the equator, on June 21, crossing 
thesqwitor twice during these oscillations, at March 20 and 
September 23.* 

523. The sun, when he reaches one of these /roptc#, 
tum^, and retraces his course,*— hence the name tropic (215). 
And, as he aj^pears to pause before turning, hence the name 
' sohHce, applied to the period when the sun is on any of the 
tropics (213) — ^December 22, the mnter soUHce — June 21, 
the Mummer solstice, 

5^. The signs of the zodiac in which the sun appears 
when he is north of the equator are called the northern signs ; 
those when he is south of the equator, southern signs ; those 
in which he is passing in a northerly direction are called 
ascending ; those in which he is going south, descending* 
-—See table, page 108. 

525. The sun is about 7 days, 16 hours, 50 minutes 
longer in the northern than in the southern half of the 
ecliptic ; being about 187 cisys in the northern signs, 179 
days among the sonthem signs. 

2. Climate, 

526. The climate of a place signifies the prevailing 
character of the weather at that place.t This, as is weU 
known, is very different at different places. 

527. The leading circumstances which determine the 
character of the climate are, — 1. The latitude of the 
place ; that is, its distance from the equator : 2. The 
height of the place above the level of the sea : 3. Its 

* From a to o. Fig. 10, page 25 ; and then back from o to a, 
t That is, the temperature, moisture, atmospheric pressure, 
winds, electric condition of the air. 
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pontion irith lespect to inrge tncto of load or watei : 
4. The cIutnKter of the prevuling winds. — The first «f 
these only can be regarded as aa B*tnmoimcal oanse ; 
and it alone requireB conuderstion in this work. 

£28, The climate is warmefit about the equator, and 
hecomes gradually colder Ba the place ia Anther north oi 
south from the equator, that is, aa the latitude increaaeB. 

629. This rale is onlj true geaeraiig, sd& of laijc 
chai^eB in latitude. ContiderablederialJoiisfinRi itm 
produced by the other oiuwa. 

630. The pOBition of the -difierent latitudea, m retped 
to tbt tun'* rai/g, ia the cause of these difi^oces in 
climate. r 

631. The heat at any place is in proportion to the 
number of the sun's rays which fall upon it ; and the 
number of lays which it receives depends upon the 
dtredioa >n irAicA they Jail. Any surface receives mors 
rays the man perpendicularly Uiey strike upon il^ and 
less, in ptopoition aa the rays fall more obliquely ; that 
Is, as the anglt they form with it is fiirther &om a right 
angle. 

C32. Th)> may be illuBtroted by the following figoie. 
Flfr3I. 




I/Ct It and B' be rays proceeding' in the direction from 
8 towards T, and falling upon the equal sorlaaee AB, 
AC, AD, AE, AF, &c.,allIyingin4ifierentdirecti(SU. 
It is plain that more rays &11 upon the surface AB, 
which is perpendicular to the direction of the rays, than 
on any other ; that A C, which is neareet to the peipen- 
dicnhu-, receives more than AD, AD more thm AE, 



BbBlUNTS OF ASTBOHOUY. Ill 

and Boon; mora i&js being Tvceived in pioportion as the 
soi&oe is nearer to being perpemlicul&r to the laifs. 

633, Ab the Ban (622) oaoiUates between the tropioi^ 
continually vertical to Bome parallel in tha torrid sone, 
liis rays alwaya &U perpendicularly at some paj^lel 
between the ttupka, ^d lets so «b the jwisUel is further 
north of the north tropic, or south of the south tropic 
Aooordinglf , ausie lays am re«eiTed in a glrea space at 
the torrid zone, than in an eqnal space north or south ; 
so that the temperature is always higher there than any 
'where else. And as fewer rays are received in propoiy 
tion as the place is further to the nMth or south, the 
heat must dimiuish in these directions. 

S34. Thll is iUostnted bf ihe following figure. Iict S 

lepretent the sua, B the euth's cijuruii, c, d the tiopica, a, 6 
Fig. 32. 




the polar ciTele«,N the noTth pole. It is leen ibal the equator 
is peifectif perpendicuUi to the lun'i TSfs, the tone between 
the tropica more petpendicuUr to the urn's mjs th»n any 
part* north or aonth, while all the other parti ue much 
iaclined; that they ue mote inclined ai thtj are further 
irom the eqoalor, the tajs towards thi poles only ildnlDg 
the ground. 

B&B. The (UT absorbs part of the sun's rqyi^— little fai 
tiis npper strata, but a eonsider&ble portion in the 
dense lower strata loaded with Tupour. Hence, less of 
fha sun's rays strike upon a place in proportion to the 
quantity of atmo^here through wiiich they pass, and 
in proportion to the denttty of that atmosphere. Per- 
pendicnlar rays pass through least of the air before c4hd< 
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mg to the ground. Oblique xsys not only pc0B tluoagh 
more idr, but through a laiger pcopoition of the dense 
partSy 80 that a much greater portion i» abootbed before 
ihej strike the aoiL 

S80L The dlmliKiCfoB of the mem te m per atin e In peiniig 
fton the eqoator to the poles Is in proportion to die sqniR 
of the eoslne of the letitiide. The dumge is, tbeidbR, 
slight from the equster towards either tropic, greatest aboat 
let. 46*-— 4md slight fWnn the polsr circles to the poles. 

S. The Seasatu. 

537. That regular alternation of different kinds of 
weather which takes place at any place during the jear 
is termed change in seawn. 

538. The same causes which give rise to the change 
in the length of the day and to differences in climate, pro- 
duce the change in the seasons. The sun imparts more 
heat in proportion ; 1. as he is higher aboye tiie horizon 
of a place, and his rays fall more perpendicularly ; 2. 
as he is longer in the day abo^e the horizon of a place. 
Bi tha northern hemi^here, the sun rises higher and 
zemaina longer above the horizon, from March to Sep- 
tember: we hare warm weather, or summer, then. 
From September to March the sun's rays &11 in a more 
slanting (Erection, and he is a shorter time daily above 
the horizon : there is cold weather, or winter then, in 
the northern hemisphere. 

539. Vhe southern hemisphere is in exactly the re- 
verse state then-H9ummer during our winter : — winter 
during our summer. 

540. This is illustrated by Figs. 26 and 27. In 
Fig. 26 the sun's rays fall more perpendicularly on the 
northern hemisphere, and slantingly on the souUiem 
hemisphere. In Fig. 27y the reverse is seen. In Fig. 
28, and Fig. 32, the relative position of the sun and 
earth at the equinoxes is shown — the sun vertical at the 
equator, the rays more and more slanting as the place 
is further north or south, 

641. It is evident that if the axis of the earth were per« 
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- pendicular to tlie plane of la otbi^ each paninel would tll- 
wayB be turned in libit waie- degtee towards (he sun, and 
vould therefore have f%& changi^'in its seitsans. It is the 
indination of the axis that causes the- tame ''paridld to He 
difejen^jT towards the suniiai difibrent parta of tha orbit. 
* ^ "Hebpe, in a planet sujdi as Jniater oc the iiiaen» whcce the 

"^'lUpa is perpendicular to thepkiie of the orfait, tfaete can be 
no fihmgp in seasona; wfaila in Vanui, wheie the axis is 
Veiy much incUned (353), the ebange is very gteat,--<^so 
great that a marked difierence prevails between the state of 
the equatorial regiona at the equineses and solstices. From 
this, the equatorial-regiooa have iwo whUers at the solstices, 
aiid iwo summers at the equinoxes. The same prevails on. 

' the eardi in a slight degree-^but it is very marked at Venus, 
firom her tropics being so ivt from her equator (353). 

. 542. The son being nearer to the earth in onr winter 
th^n in our gonuner, it might he suj^KMed that the 
weather should he -warmer over all tbo world them 
^ut this makes no differenee ; for^ as mudii heat is lost 
t)j our more rapid motion in winter as is gained by ons 
jgpreater proximity to the son then ; and in sanmier^ 
while there is less heat &om our greater distanoei this 
is compensated for by pur slower motton. 

643. The warmest part of the season is not whtn the sup 
is highest and longest above the horiton i nor the coldest^ 
when the sun is lowest and the day shortest — but some weeks 
after these periods. The reason of this is, that the heat' 
must tnoTMStf, so long as the mth receives more heat dttrikig 
the day than it parts with during. the night ; aad tills is the 
case for a considerable time after the longest day ; and that 
the temperature must decrease^ so long as more htat is lost 
during the night than is gained during the day ; whidi goes 
on for several weeks after the shortest day. 

644. In like manner, the warmest part of the day is not 
at' noon, when the sun is highest, and his rays .&11 most , 
perpendicularly, but some little time after, about 2 f.m* 
The reason is, diat till that period the heat received is greater 
than what is lost,* so that the temperatare must rise txQ 
that time, although less heat is received then than at noon. 

* It most be observed that hsai is at all times passing out from 

e2 
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SECTION V. 

TBADE-WINDSy AND THE TIDXS. 

545. There are certain uniform and continual motioDS of 
the atmosphere and the ocean, which are produced by astro- 
nomical causes, and are ihercKfore proper subjects of consid- 
eration in a treatise on Astronomy,— These are the Trade- 
windt and the Tides. 

1. Trade-windi, 

546. In certain districts between the tropics^ the winds 
blow regularlj in a north-east and sonth-east direction, 
^^•north-^oit north of the eqnator^ mmtk-^ast sonth of 
the equator. These steady winds are called the trade- 
winds. 

547* The trade-winds are caused by the great cur- 
rents which are continually rushmg from the polar and 
temperate regions towards the equator, modified by the 
earth's rotation from west to easL 

548. Owing to the great heat which prevafla in the 
equatorial regions^ the air there is expanded, and there- 
fore specifically lighter than the air further north or 
louth ; which, being colder and heayier, rushes towards 
and displaces the warm air of the torrid zone. This 
pl*oduces continual currents towards the equatot from 
the north and south latitudes. These are the source of 
the trade-winds, which, were there no other cause in- 
fluencing them, would be in a due north and due aouth 
direction. 

549. Now, the air from any plaee partakes of the 
motion of the earth at that place ; and the parts hare 
most rapid motion in proportion as they are nearer 
the equator (being there f^hest from the axis— 009). 
Accordingly, any current of air which proceeds towards 



idU. 



hodie»f and that a body's temperatiure depends upon the proportion 
between what is leceiyed and what is given out : risiuff in temper- 
ature if heat is absorbed more n^idly than thrown ofr, and falling 
la tsn^tratiire if move heat » given o«t =thaa IS reeeived. 
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the equator, will have a slower rotatory motion than the 
parts to which it is tending. It will there/ore catue an 
apparent current in a direction opposite to that in which 
the earth is moving — tiiat is, appear to blow in an easterly 
direction, as the earth levolyeB in a westerly direction. 
The easterly direction which the wind thus acquires^ 
combined with its northeriy direction, giires the invari- 
able nortk-easterkf wind in the northern hemisphera-^ 
combined with its southerly direction in the southern 
hemisphere, gives the south-east trade-wind which is 
found south of the equator. 

6dOL If we suppose the sir at any place to be at rest while 
the earth continues its rotation, an individual at that place 
would experience a wind in the direction opposite to its mo- 
tion, as the effect is the saine whether die air move and 
the individual stand still— or the air stand still and the 
individual rush against it. Now, it will be the same sort 
of eflbct, though kss in degree, when the air is moving in 
the same direoiian as any part cf the earth's surface, but 
with a slower motion — thef^bce wHl overtake it, rush against 
it, and cause a wind hi aa opposite direction. If this air 
Iwv^ besides the «low motion in the same direction^ ano^er 
in a dilbrent direction, the two will be compounded into a 
middle course, according to the law of the oompositioii of 
ioxces. Thus it is with the cunent which jNroducet the 
trade-wind. It has a slow westerly motion, which produces 
an easterly wind in a place having a rapid westerly motion { 
which easterly wind, combined with its north or south mo- 
tion, gives the north..ea8t or south-east trade-wind. 

551. As the distance from the axis increases ^mry 
Utile in lihe vicinity of the equator) the rotatory motion 
-will Inevease very slightly there, and theie will be little 
addition to <lie easterly direction of the current crested 
about the equator; and aa the atr gradually acquires 
Iha Biotion e£ the partait ia Over, it wlM have ao^piired 
tha increased motion of the equatorial parts by ike time 
it reaches them ; the easterly directicm will diminish as 
they come near the equator, and the north and south 
Guxrenta nieeting there, the two will neutxalizQ each 
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other; aeeordlnglj, compasntiye calm, or irregnlar 
breezes prevail in the immediate Ticinit j of the equator. 
652* The heated air which ascends d^m the equator- 
ial regions gradually descends towards the earth's sor- 
fikce ; and, bringing to the ports where it descends a 
higher velocity than they possess, moves in advance of 
them, in the same direction, and constitutes a sort of 
trade- wind ; which, compounded of the westerly mo- 
tion of rotation and the motion iirom the equator, gives 
a south-westerly direction in the temperate regions of 
the northern hemisphere : a north-westerly direction in 
the temperate regions south of the equator. 

653. These are the leading causes which give rise to the 
trade-winds. They are modified in various wajs by many 
local circumstanoes, which do not come under consideration 
in Astronomy. 

2. me Tides. 

554. By THE TIDES we mean that regular succession 
of rise and fall of the surface of the waters of the globe, 
which is observed in all the great oceans, and in the seas 
and rivers which freely communicate with the oceans. 

555. " It is a very remarkahle operation of nature, that we 
observe on the shores of the ocean, when, in the calmest 
weather and most serene sky, the vast body of waters that 
bathe our coasts advances on our shores, inundating all the 
flat sands, rising to a considerable height, and then as 
gradually retiring again to the bed of the ocean ; and all 
this without the appearance of any cause to impel the waters 
to our shores, and again to draw them off*. Twice every 
; day is this repeated. In many places, this motion of the 
waters is tremendous, the sea advancing, even in the calmest 
weather, with a high surge, rolling along the flats with xe- 
sistless violence, and rising to the height of many finthoms.** 
m-Mobinsons Mechanical Philosophy, 

556. When the waters rise to the highest point which 
they reach in the course of the day, it is said to be high 
WATEB, or FZiOODy and the rising is called the fjlood- 
TiBE ; when at the lowest, low water, or ebb, and the 
&11 is termed ebb-tide. The highest or fullest ./lood, 
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18 called a sprino-tibe ; the lowest Jbod^ is tenned i^a»« 
TIDE* The tide on the side of the earth next the moon, 
is called the supiotfOR-nnB ; that on the opposite aide, 

the INFERIOB^TIDB* 

567* The phenomena of the tides are produced by the 
joint action of the moon and the san upon the waten 
of the ocean ; chiefly by the moon. The attractive 
force of these bodies is sufficiently strong to draw slightly 
towards them those parts of the earth which are move- 
able, and whose particles can easily be made to slide 
over each other ; — ^that is, the waters. 

The following are the leading phenomena of the tides. 

558. (1.) The waters when at their highest, gradu- 
ally sink till low water, then rise again till it is high 
water, then sink again, rise again, and so on imremit- 
tingly. Upon an average, the tide ebbs in about 10 
minutes less tlian the time it takes to rise, and remains 
stationary for a little at ebb and at flood. The whole 
period between two successive floods^ or between two 
successive ebb^y is about 12 hours 25 minutes. The in- 
terval between two successive floods is 12 hours 19 min- 
utes at new and at iiill moon ; 12 hours 80 minutes at 
the quarters. 

559. Thus, during every 24 hours and 50 minutes 
there is high water twice, and low water twice at every 
place, and the flood is about three quarters of an hour 
later every day. Hence, therefore, as the earth turns 
half round in that time, 12 hours, there must be high 
water at the opposite parts of the earth's surface at the 
tame time — ^that is, at the two places having the same 
meridian circle (or on the opposite meridians, reckoned 
by their numbers). 

560. (2.) The height of high water, as well as that 
of low water, varies very considerably, but regularly. 
But, when the tide rises highest, it falls lowest, and 
when it rises least, falls least. At Plymouth, there is 
sometimes a diflerence of 21 feet between high and low 
Water ; sometimes only 12 feet. 

561. The highest or spring-tide occurs once every 
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fortnight) and is usually about the third or fonrth h%h 
tide after new moon, and the third after fall moonr— 
firom about a day and a half to two days and a half alter 
these periods. 

£62. The lowest tide,* or neap-Hdey also occurs once 
erery fortnight, being the third or fourth high tide after 
the moon is in her quarters — ^ficom about a day and a 
half to two days and a half after these periods. 

563. The tides gradually decrease from about new 
moon to the first quarter, increase from the £rst quarter 
to full moon, decrease from full moon to the third quar- 
ter, and again increase from the third quarter to new 
moon. 

664. (3.) There is also a monthly period of change in 
the height of the tides : the highest spring tide is that 
which occurs when the moon is in perigee (221) ; and the 
next spring tide is the smallest, occurring when the moon 
is in apogee (221). The force of the moon's attraetion 
being the main cause of the tides, it is to be expected 
that they will yary somewhat as her distance Taries. 

665. (4.) The height of the tides is also affected by 
the following causes : the sun's distance ;+ the eleTation 
of the sun and moon ; the latitude of the place ; and 
local circumstances, such as banks in the ocean, and the 
form and elevation of the shores, channels, currents of 
rivers, winds, &c. 

Eigh Water at the Fart nearest to the Mooum 

666. The chief oause of the phenomena of the tides is 
the fmrce qf the moon's attraotum. This force is greater 
ia proportion as tha body attracted to the moon is nearer 
to her» Therefore, the waters directly under the moon 
(i.0. at the place where the moon is on the meridian) 
will be more attraatcd thm thoee at other parts, and 

• 4 % I I ■ M I 11 » ■ I 111 ■ ■ I 

'■^ Tbit is, wImb tlie iMiter fUls lettt and rises least, 
-f The craitest tides are during the whiter of the northern hemi- 
sphere, the son being nearest to the earth then. Also, the tides 
■re htofaest In the l&tudes aboat the equator, — ^the least within 
liie pmr eirdei. 
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win be Taised to^waids iter, while the watere at the sideSy 
where the moon appeait hi the hosruson, will be diawn 
towards that pazt and aid the aecomnlation ; forminup 
high water there. As, by the earth's rotation and moon's 
motion^ the moon oomes on the meridian of each place 
once in 24 hours 50 nnnntes, there will be hig^ water 
every where once in eyery period of 24 hours 50 minutes. 
567. The period of h^h water will not be exactly 
when the moon is on the meridian and her action 
strongest ; for, the impetus the waters have reeeived, 
and the oontinuanoe of the moon*s action (still strong, 
though decreasing) cause tiiem to continue rising for 
some time after. The period of high water, therefore, 
is usuidly (local causes being disregarded) about three 
hours after the moon is on the meridian. 

Low Water where the Moon is in the Horizon. 

568* As the moon tends to draw the waters in straight 
lines towards her, she will evidently draw off the snr- 
face, or depress the waters on which she acts sideways ; 
i.«. those parts at whidh she appears in the horizon 90^ 
on each side from the meridian she is on ; this will 
canse low water at these two places once every 12 hours 
25 minutes. 

Sigh Water at the Part fariheet from the Moon, 

569. As the moon attracts the earth, as well as the 
loose waters on its surfoce, she vriU tend to draw the 
earth/rom the waters which are on the aide of the earth 
most distant from the moon« As she attracts the eardi 
more forcibly, being nearer, than those distant waten^ 
she will draw the earth further towards her than tbose 
waters. This will cause the earth to recede from under 
these iraters, which causes them to rise relatively to the 
land at thosetparts, and thus there is high water there 
also. As the moon oomes into ibis position cYetrj 24 
hours 50 minutes, there will be high water at the part 
frorthest from the moon once in evety period of 24 hours 
50 minutes. 
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STO- This aeeoostafcr die TITO TmBsdaHf ; each part, 
hy Ihe earth's dailj rotation, being brooght once near to 
and once remote from tlie moon during each 24 honn 60 
minntes. 

£71- The following diagram will jUnstnte the action 
of the moon apon the watcn. 
Pif-3S. 

■aa 




Let ABCDEF represent the earth, M the moan, C 
the point nearest to ^e moon, F the meridian farthest 
from the iDooD, A and £ the points at wliich the moon 
•SfpeaxB in the horizon, 90° east and we«t from C and F; 
then OxtM will be high water at C and F; low miler 
at A and E. 

, 472. The moon's attractiTe force at C evidently tends 
.to luae the waters towards c, and to draw them from A 
^ B, E to D, and from D and D towards c ; as shown 
by the aiTOWS in Fig. 33. Also, as the moon's force 
draws the earth from F widi more force than it draws 
the wateiB at F, the earth must reeede from these loose 
waters and 'cause them to be proportionally elerated. 
Hence, there is high water at C, where the moon is on 
the meridian, and also at the opposite meridian F. 

£73- Bnt the moon's action evidently draws the wa- 
tera/rom A and EI, and tends to make them low at these 
points ; while these waters tend also to rush towards F, 
where, from the earth's recession, the waters are lighter. 
These two causes depress the waters at A and E, and 
then is therefore low water there. 
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574. Tbesctioavfflbexeidajr »ii4iMtood, ifire idkct 
on the nmple law of the diroiiiHtion of the force of attnictiQa, 
as the distance increases ; atid bear in mind that the earth 
is less attracted by the moon than ihe waters near her^ but 
more than the waters more remote. 

Sun's Action vpon tike Tides, 

575. The sun also by hm actioii influences the waters 
of the ocean, and is the main cause of those reg^ular 
changes in the height of the tides which aie eveiy where 
observed. 

576. His action raises the tides higher than usual 
when it unites with that of the moon, — renders them 
lower. when his action is opposed to that of the moon. 
At new moon and full moon, the action of ihe sun and 
moon coincide. At the quajrters, they are opposed in 
their action. Therefore tiiere are sprtng-tides at new 
and full moon, neap-tides at the quarters. 

577. This will be readily understood from the follow- 
ing figures. 

Fig. 34. 




If S represent the sun, H the moon, and /A c £ the> 
earth, tiien, as the sun and moon act in the same mao?* 
ner and in the same direction, it is evident that the 
effect upon the waters will be increased, or there will, 
be a spring-tide at c and/, and a very low tide at A and 
E. Both sun and moon tend to raise c and^ to depress 
A and E. 

678. But if the moon be in one of her quarters, as in 
Fig. 35, then they act in opposition to each other. The 
sun tends to draw the waters towards c from A and E ; 
and thus prevents the tide at A and £ &om being so 



Bi-KirEirrs op astbokoht. 

Fig. 36. 




hfgb, and that at c from being so low,— or forms nMp- 
ttde*. Tbemoon tends to isise A and E, to depress and 
/, — ibe sun exactly the rererse. 

A79. The ratio of the son's action on the tides ta that 
of the moon is as I to S; or I to2j. 

680. The Baltic lea has no perceptible tide* ; and this 

la the Medileirtmean Ma Ii rtrj ali^c. These acM have 
.' ao dde> in ^emsehei, bMuils, bcdog of compaiatETel; smaD 
. extent, the moon'i BCticm is equal at ereij part ; and, tbej 
- do not teeeive the influence of the AtUntic tide, became 

th^T snttsDces ate nsirov, and do not lie in the direction of 

the cunent produced b; that great tidal wave. 



SECTION TI. 

PARALLAX — tHFLUENCB OP THE ATMOSPBEBE ON 
ASTRONOMICAL PHEH0MEKA-~AS£RRAT10N. 
681. There are »otat cuiMS wliieh prevent the besTenly 
bodia ftam appntrii^ In chcdr true poiitioiu> and (he effiet 
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of which, therefore, must be allowed for in judging of their 
real, by their apparent, situation. These are, i?ie influence 
of the atmosphere, and aberration. Also, the heavenly 
bodies appear in different directions when seen from different 
points of view, which requires some allowance ; — the amount 
of which difference is termed parallax. 

1. ParaXlcLX, 

682. The word Parallax is used in Astronomy in two 
senses ; a special and a general meaning. 

583. In tile special sense, parallax signifies the differ- 
, jenoe in the altitude of a celestial body as seen from a 

riit on the surface of the earth and from the centre, if 
eould be seen from that place. This is sometimes 
HtliltiBed the diurnal paraUax, 

V d84. This will be illustrated by the following figure : 
i I«t the dotted circle AEBO be the earth, p, p^, and i)^ 
** aiiy heayenly bodies, and the dotted arc at the right, e c^, 
the imaginary surface of the heavens to which we re- 
fer the positions of celestial objects. Let £ be the posi- 
tion of an observer on the earth's surface. Now, if the 
heavenly body p^ be viewed from E, it will appear at e* 
081 the sor&oe of the heavens, as shown by the dotted 
line Ep^6^ ; but if viewed froni C, the earth's centre^ 
it would appear at c^, as shown by the line Cp^ c^» The 
difference of these two positicms is the aro 0^ e^, which is 
therefore termed the parallax at E of the body p^ ; «r, 
instead of the arc «^ e^, the angle i^f^ e^, which, the arc 
(^^ subtends, and which is of the same number of de- 
grees (46), may be called the parallax of p* at E. Or, 
the angle Ep^C, which u equal to the angle c^p^c^, 
may be called the parallax of p^ at E. The latter is 
what is usually stated aa tha parallax of the object. 

585. Thus, the parallax of a celestial body is the angle 
at it formed by two lines^ one drawn to it from die 
earth's centre, the other from the observer's position on 
the earth's surface. 

586. The effect of parallax fe to depress the body, 
always making it appear nearer to the horizon than 
when seen from the centre. This is evident, as <^, the 
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postioD of p' as seea &om Uie centre, is nearer tlie zenith 
of £ than ^, its pontion as seen from E. 
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587. Parallax is always greatest when the body is in 
the horizon, and greater as the body is nearer to the hori<^ 
2on of the observer/ Tk^ id evident firopH th^ pi«ceding 
fgure, in which the parallax, c^ e\ of p^, is less than c^ e^, 
the parallax of p\ which is nearer to the horizon of E. 
thanjp^. 

588. There is no parallax of a body in the zenith; 
This is evident from the preceding figure, in which the 
body p, which is in the zenith of an observer at B,; 
appears in the same position in the heavens, c, whether} 
viewed from B or from the centre. 

589. As bodies must appear in different positions when> 
viewed from different point;s of the earth^s surface, it is 
desirable for astronomical and nautical purposes to cal- 
culate their apparent position in reference to some fixed 
point : this being known, a correction can be applied' 
lor the difference in the apparent position as seen from, 
^e surface and that given as the position seen from the^ 
£xed point. The point selected for this purpose is the; 
Earth's centre, and the ordinary meaning of parallax,; 
therefore, is the difference in the positions of a body asi 
aeen from the earth's surface and from the earth's centre.- 

590. Parallax, in the wider acceptation of the term,: 
signifies the apparent change of position in an object 
arising from a change in the position of the observer — 
sometimes termed itaparalktctic motion. As in the above 
dEise, it may be expressed by the angle formed at the ob^ 
ject by. two straight lines drawn from the object to the two- 
points from which it is observed, 

591. When an object is viewed from two different; 
points, it will appear in different directions at these 
pioints. And the exact amount of difference will be ex- 
pressed by the angle at the olject formed by the two 
lines of view (685). Thus, m Fig. 36, page 124^ if A 
and B in the dotted circle below represent two positions 
from which the object S^ is seen, that object will be seen 
in tiie direction A 5^ -from A and BS^ from B. The 
angle A 3^ B will be the amomit of dififofrence in the di<^ 
rections A 8^ and BS^ oi the parallax oi^K 



126 ELBMSNTB OF ASTRONOMT. 

W2, The parallaz of any object diminiahes as its dis- 
tance incieases ; and a body may be so remote that its 
parallax will become so small as to be insensible. 

593. This is illustrated by Fig. 36, page 124. Let A 
and B be two points from which the boidies 8\ 8^^ 8^, 8\ 
8^ are viewed. As the distance increases, the imgle at 
the body diminishes, AiS^B being less than A 8^ By 
AS^B being less than AiS^ B, and so on. It is evidfint 
that if the distance from the line AB were very mnch 
increased, the angle at the body would disappear alto- 
gether, the lines to it from A and B would coincide, and 
the distance from A to B wonld be as nothing compared 
with their distance from the object. 

594. Now, it is by means of the parallax of a heavenly 
body that its distance is calculated. The distance be- 
tween the two points being known, and the angle of its 
parallax, trigonometiy furnishes the distance frtmi the 
position to the object. 

595. The parallax of any body increases as the dis- 
tance between the points of view increases. This is 
evident ; for if the observer at B were to shift his posi- 
tion to the right till he came to c, then the angle A 8^B 
would be very much increased, as the line from iS^ to B 
would now be in the direction from S^io c; and thus a 
body too far distant to give a discernible parallax at two 
points might give a very sensible parallax if the distance 
between the two points of view were very much increased. 

596. Now, none of the fixed stars give any parallax 
with the radius of the earth ; it is therefore Imown that 
their distance is infinite when compared with that ra- 
dius, and that with it alone we have no means of meas- 
uring the distance of a fixed star. Therefore, a much 
longer basis has been tried — ^the longest which we can 
command, — ^the radius of the earth's orbit. But none 
of the fixed stars give any parallax even with this 
extended basis : they have no annual paraUaw as it is 
termed : the earth's orbit shrinks to nothing compared 
with the enormous distances of these glittering points ; 
and we have no means of ascertaining the disUmoe of a 
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fixed star, bnt can only deteTmins that it is not less than 
a certain quantity. 

597. Now, if the angle of parallax in this case were 
so small as one second (l''X ^^ would be discernible by 
our means of measurement and the distance of the body 
would be more than 200,000 times that of ihe basis. 
The basis being ninety*five millions of miles, the dis- 
tance, with the smallest discernible parallax, must be 
upwards of nineteen millions of millions of miles. But 
the parallax is leas than that ; therefore the nearest of 
the fixed stars whose parallax has been attempted must 
be at a greater distance from us. 

598. Bessei., a German astronomer, is said to have as- 
certained the pandlax of the star 61 Cygni to be about one- 
third of a secxnid, 0^348". If this be the case, this star must 
be at a dittmee of- 51 9,200 times the radius of the earth's 
orbit ; and ili lifi^t must take about nine years to reach us. 

599. That distant objects give no parallax with points 
near eadi other is very obvious in the case of any short dis- 
tances on the earth with the moon. For example, looking at 
one limb of the moon along two parallel streets, it will be 
found to appear in the very same direction along either 
street The angle of parallax is too small to be discernible ; 
the two lines from the street to the moon coalesce ; the dis- 
tance between the two points of observation is a mere point 
compared with their distance from the moon ; and we could 
not, with that distance as a basis, measure the moon's dis- 
tance. The same may be observed of an object on earth. 
If an individual walk along a road for any given distance, 
and take some very remote object, such as the stars, or a far- 
off tower or mountain, whereby to judge of the apparent 
motions of bodies between his line of motion and the fixed 
objects by which he judges of their apparent motions, he 
will find that these various bodies will have shifted their 
apparent position less and less according as they are further 
from him, — ^that is, their paralkut will be less. In propor- 
tion as they are more remote, he will find the angle at the 
body, formed by two straight lines drawn to the two points 
of view, become less and less, till it disappears, and the two 
lines coalesce ; then there is no parallax, and, with that basis, 
no meant <{f metuuring the distance of the object. 
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2, Ittftufoet qf d« Atmotpkere on Attronun^eal 




600. The heavenly bodies are rendered risible to ii» 
by rays of light which emanate irom them and prodnee 
impressions of their forms on the eyea of the olaOTcr. 
The«e i&ys are somewhat modified in their Mrarae befiira 
they reach ns by punng Uiroogh the atmosphere. 

601. The atmcMpfacM I* an aerial flnSd, which luRonn^ 

the earth on btctj tide, j.^_ ^^ 

II extendi above the anr- 

face to a height of about 

forty-fiTe or fifty milCL .',■.'-:; :;.'.■■ 

It il heas^and deilM in ■'v^V-.UU ::.■'-'. ■'.-■■'!-■. 

the lover legiona, but be. 

comet graduall; lighter 

and mora rare or ex- '-'' 

panded aa it is further - 

aboTe the tuiface; as 

iqiKaenled in Fig. 37, 

where the particle* are '.'■■;"-v.'y;/:i|:.',-v-;-.':v: ■:-',■.■■ 

thown dentel; crowded : ■'■'■".'.■'.■::::■".'■."■/>'■'■' 

near the ■nrfece, and 

becoming more open as 

ihey are further above (be mr&ce. 

602. The atmosphere is concerned in astronomksl 
phenomena by ilji power of Tefraeting and refleditig the 
rays of light. 

603. Refraction is that bending of the rays of light 
which takes place when tbey pass obliquely irom one 
medium* to anotiicr. If a ray of light pass obHqutl!/ 
from air to water, from water to air, from suironnding 
space to our atmosphere, or between strata of diferent 
densities of the same medium, it does not continue in the 
same straight line as before, bat is bent, more or lesB, into 
another direction, which it preserves so long as it con- 
tinnes in the same medium. 

604. Refraction is iUustrated by the following figure. 
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Let CD Tepiesent a Fig. 38. 

ray of light passiiig 
at D from a rare into 
a dense medium, to 
the BuifiKse of which 
it is not peipendicn- 
lar. It idll not con- 
tinue in the direction 
of G D, but will be 
bent into the direc- 
tion D E. If the ray 
had come from the dense medium in the direction E D, 
entering the rare mediam at D, it would be bent into 
the dir^ion D G. Let the line G D F be perpendicular 
to the sur&ce between the two media ; then, it will be 
evident from the figure that the following is the rule of 
refraction : — 

'* When the ray passes into a denser medium, it is 
refracted so as to be nearer to the peipendicular than 
before ; when it passes into a rarer medium, it is re- 
fracted so as to pursue its course further from the per- 
pendicular than before." 

605. If the ray entered perpendicularly, as in the 
direction GD or FD, it would not be refracted, but 
would continue in the same course, G D F, or F D G. 

606. Owing to refraction, no heavenly body is seen 
in its true place imless it be in the zenith. Every where 
else, refraction causes bodies to appear to be higher above 
the horizon than they really are. 

607. This takes place in the following manner : When 
a ray of light enters the atmosphere obliquely, it is bent 
down towards the surface of the earth, and as it ap- 
proaches the ground, it becomes more and more bent in 
passing from the rarer strata above to the denser medium 
below. Now the object from which the ray comes ap- 
pears in the direction which the ray has at the moment 
v^en U strikes the eye. Accordingly, as refraction in a 
denser medium bends the ray towards the perpendicular 
direction, tlie object will be seen in a direction more 
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'|i«rpendl«ilnt tUtlib aurface than its Mai one — that b, 
nearer tlie zenith, Or motfe clerated ahtrrt the horizon 
th&n It should be; 

BOB. Reftartion is yay atigbt an the ntyfint entering 

tbe Mmoipbare^ owing *a its sxliema itmuilr in tka upper 

n^ani; but gmdnallr JocrcBM* u the ny approuliM llie 

tBtth, the stnta of ait bMomin^ mora kdiI moie demc 

600. As the rsTs fVonf a celestial ohjeet in the zenith 

mter the atmeephera. perpendienlaTly, thora can be no 

refraction of Hs myt, sod it will be seen ia its tnie 

place. Bat, bom eyery other po^an, the laya will 

eater the atmoepheie obliquely, be i«fnieted,snd tbere- 

fate npreeent it too derated. 

610. The following £;puo iUoBtratea atmc^hetic re- 
fhwtion. Let o repiesent anj pomt on the eartlf s Mr- 



Fig. 39. 







&ce, and A any star or hraTenljr body. It is Been at • 
by means of rays of light from it which reach the eyc^ 
—by those rays from A which enter the atmosphere at ft 
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They are re&teted to^ei^iandgiiQatlie*^ l^jOcomea mare 
dense, to t)#, yitdcb. Isihe direcjbicm the^ b&ve on reoohlDg 
the sur&ce. Accordingly, the star is seen Ma if it wex^e: in 
this direction^ which, rei^-e^ents it nol; at A^ but at a. 

' ' ' 611. Tito dotrse off the itny from & to ^ liMitld be & enrve, 
as thtf 'flilr gets gmdually aiAd ias«ii«ibly demexr The ray 
from A, which Wdidd hai^'rendered thiiobjeet vklblesto had 

. th^re bee^a, iio lefraoUoii, vi^ Ad,i» redacted down to -e. 

612« He&aAtion increases as the object is nearer the 
horijBOD, as the rays then pass through mote of the dense 
Mcataofaue. Atthezenith,itisO°,0',(y'. At45''aboye 
tfaehorieon, it ^evates the apparent aboye the true posi- 
tion of a celestial object about 1'— inore correctly 67". 
At the horizon, it elevates the object so much as 33', or 
about half a degree — that is, about as much as the son's 
apparent diameter (368). 

613. Refraction, by elevatitag the position of celestial 
objects, brings into view bodies actufdly below the hori- 
zon, and which, therefore, could not otherwise be seen. 
Thus, in Figure 39, the body S, which is below the 
horizon H o of a spectator at o, and would therefore be 
invisible to him, is brought into view and made to ap- 
pear above his horizcm at s, 

614. Thus, refraction raises the sun above the horizon 
at both sunset anid" sunrise^, and by causing him to rise 
earlier and set latey flWrlki^'lteerwise would, lengthens 
the day. As re&Mtto at theilionzon is 33', and the 
sun's diameter k about 9^, ttMr sun will have sunk 
below the hori2(Ma wiien Ut'limf margin appears to us 
resting on it, jfist aboot td dl^ breath it. 

616. Refraction also dJatovts the figures of the sun and 
moon when they are near the horizon, rendering them of an 
oval form, and flattened at the lower part This is caused 
by the very rapid increase of refraction near the horizon, so 
that the lower margins of these orbs are much more elevated 
than the upper, which shortens the perpendicular diameter, 
and gives the figure a somewhat oval shape. 

616. The REFLECTION of light signifies the bounding 
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off of rays of light from bodies on which they atrike ; 
Utltftkkts JJMC iiillha-fltttAe-iilaiiDer'iii which « ball ■«■ 
btttnde frMfiuiy'hard 'ftiH'bct OB-wfaich it ia thromi, or 
InwhiBh-BotiBd*adihe£rt'^*eaec**d.' 

617. The atmoEpb^n'ti«fle«te,'Hndd(Bpet«e(rii]^di- 
)!«cti»ni the My*. wbiBh-iJf!!ffWii,TB»^frP°> tii%..^n',. Were 
tfaereiw atOMSpheTBii 0/imi bodi^oiUy.jEcmla be visible 
to nawMchareuI'dieJumit IH^ of ths hhh, sod thus re- 
eeive Ugiit^ whiah Miejf notdd'Uaiumit tolas nod reader 
^aensi^leof'th^flVHeBtser ButflpptheM^ectirepatver 
Af'the atmosphere, bMiealitivili^M'lhTDvvfiiipcnithQni, 
UioQ^ oat; of the iiixci cwi^ cf the, ^n'ii taya ; Bud 
.tIiu%'M''ihe'itmo9ph'ere (s ;6Ve(y yh8t^' ^reMnt, they 
;^pc^vp ligtt ill wMteyey .poMtipi}, yhlct; tljey in" turn 
reflect to us, and thus rwider theinselvea visile, , . 

QfTmUght. : <■■ ■ 

' ^8. TwitiflHT i^ Che IHini and gTsdualiy jlnttfaiishli^ 

ISgTit T'hict'we'enJoyMa conBiderable tfme after tht 
SUQ has ff&l^^uiik h'eloirthe hoiizoil ; and tre areiu- 
dtebted tot twaight to tile rcflecdve power' of the eir. 
Those portions of air wHch are^ a little nfearer to f ha fmn 
than any place at which, the bus has just set, will reflect 
dpwa to that ^ace (as well as to the parts which have 
fiftd the sun sM longer tilow the horizon) a part of the 
lizlii whicli (hej, meive ', accordingly, that place will, 
ifor a little afUr sunsetl receive an inferior degree of 
light reflected from the air,— or twilight. And, as it 
will receive reflected light fimm a less body of ur as the 
sun siulcB lower below the horizon of'a place, its twilight 
will diminish gradually till total darbiess'BiipervBnea. 

619. This is illustrated by the lower part of the above 
figure, page 130. Let the Bun, P, be on file horizon of 
tile place m, having completely set to » and t. These 
places, n and (, would bo completely darit were there no 
atraoaphere. But, though the sun is far below the hori- 
,zonof f, it will receive a small portion of light ^reflected 
fiY>m the upper ab' at k, and from all the air above 
the shaded line apdtej-cilid the Hnfe'frf. TheearUiatn, 



ELEMBNTB OF A8TB0NDHY. 133 

■■■.■■' ,:: ,;, . .,1... : jiv.-ri ti/i;il li ■/■., r f|., 
not to farioutof ;tiejBHB?s,j((fl^,^14jr««(eiYe."wfleot^ 
Ugb* fmm s muahitoseit -pftfltipn pfiiSti^wpjiiwe.jTTffJW 
from 6, lower down, ffM ftRi» a}lt.|J»ei,WE-abov*,tltf 
dudedUiisaa^ beyond tMail^eiit^fo, ,i,-.. ..,i'|- :,:< 

below the httrizoDi' Settee,' wtoi'p«m''»f' *rf eMlb'lia+t 
'irontinBftttviltglit'dt-eenain jlniwls ofiiht reani u at-Lco^i 
dsHi hum Maf QBiia Julr'al..' Th^^ia'^rts. mrili^ 

' tha.Beuer.tiw place u,ta tbei«qi»atWT-ike>e the twUif^liit 
(»MinBf» fw ab^lK 1 beui 12'mJwtM. .Tke reoj, ,ot Mtiff' 
DOmicsI twilight u «f much loog^^ deration ihao nh^( Ja 
papulsrlj regarded as^^wiljght; foe it coinmeniei immedi- 

'. atel; after .ih* lun ii below the hbrtzoD, when there b itill 
good daj light, and cootiiiues for goMlt time after St il appar- 
ently durkl 

621. The duration of twiUgM is short m tropical re- 
gfoiiB, aad lopget aa ve ftpptoach the ppiea, /nte, rapid 
rqbtU'W of t^ parts abotit tlie eciuator, and the grp*^ 
diitonce from the utia,. bring, y^ry soon, ^ ^nu<1.0ral>te 
vfiftveiity between the »u» and uie epectator, so ,tlu^ 
tbe period of reflection is cut.sUvrt. ., j 

AbemiUon. ■■'■> 

622. Abebbation is an api>aretU,iiipl</cement i)f,th« 
CftLeatialbod^is from their true poaition, ai;^W frotp'.di^ 
motion of the earth in its ofbit, and th(|,time'j;fquired 
by light to trftrerse space. 

623. Every object ia seen iti the diri*tion wliiuh tTie 
MiyB &om it have when tliey strike iLe eye, ifihe eye be 
at rat. But, if the eye be in motion, tiic direction iit 
which the object ia aeen will be one compoumied of the 
direction of the eye's motion and that of tlie rays fro^ 
the object{242). The difference l)etweeii the real direc- 
tion of the object and tlitit in whicli it appears is called 

the ABBRBA.T10N. 

624. Let A, Tig. 40, be the portion of an observer, 
and S, the position of a star. Let B he the situation of 
the eaith, when that ray emanates from S, by which 
the star is seen at A,— Uie earth and ray coming to A 
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at th^ sftme instant » Then, by tlie composition of mo- 
i^n, the star^ ^eti the «atUi comes to A» wiQ. appear at 
#y lii advande of its titie poei- . ., .- Fi^ 40« 
tion. The angle SA« is iho , 
aberration. As S A, which re- 
presents the motion of light, 
is very great compared wiff^ 
B A or A C, which reproSepts 
the earth's motion inU^ci s^e 
time (as 192,000 to.l9>, th# 
aberration is very small. 

626. The aberratiO|i is great* 
est, when (as in Fig. 40) the 
direction of ,th^ ray is per* 
pendiculav to the direction of the earth*s motion : in 
this poftitikm) th«r« iaa d]4klacem^» by aberration, to 
the extent of 26^'*5 (twenty -saconda)* It diminishes 
fiNMB this ibUl the .directions of the two motions are 
pamUely wh«B it ceases altogether; 

69^. Tbeieis alBO some abenation ftom the motion of the 

paiti by the evrtfh'iB rotation ; but this is insensible. In the 

aberration of the pkoeta^ allowance has to be made fbr theii 

ntotion. •'< . 

6^7* Had the earth been stataqnaiy at A^ or had light 
cbthe instanfaneMisly from S to A, the star would appear 
in its tliie' position, at S.— The phenomenon of aberration 
is one of the moet'conyincing proofs of the earth's mo- 
iion round the sun ; and it confirms very satisfactorily 
'HbEKen's disoovery lof the progressive motion of light, 
and also the rate of its motion as inferred from the 
eclipses of Jupiter's satellites. 

628. Aberration may be illustrated by the manner in 
which drops of rain strike imon an individual, according as 
he is in motion or at rest. If the drops fall perpendicularly, 
' and he be at vest» they will be felt only on his head, — that 
is, they will strike in the direction of their aten fMtion, 
But if he be moving quickly, they will stirike upon his face, 
and appear to be coming in a starUmg direciion towahds 
hinif as if they ftU from a point not only alove him but in 
advance of him. It is evident, that the direction in which 
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thej would appear to come must depend upon the real 
direetiont and d<mpa¥iiti^& vehoUUs of thetwa.motiaof. ; 
689. Or, if ire con<jeii^aiiai to be let.f^ perpendicularly 
in the ditectioii S A, Fig. 4l5.iaQd 1fi>ffitff t,hes tube S^B^ 




\ : 



t' 



which has a motion in the dir^tfon B A itdBdetki to cany 
it to the position A « In th^'saniie thne In #hich 'iOk bull 
. . would fidl firom S to A ; then the ball woM^ wfam fMtssing 
from S to A^ move in ihe akfil of fAie tdbt, and to an obi^erver 
at the bottom of the tube nii'Mld atdessadly appeal to have 
come from s, not from S, and to move in the diff«iction 
« Ay not S A. l!he ban i« snalogflias to thfer mri^f Ugfal, the 
bottom of the tube to thetaorth^ and ^4)incf)tiiq!i^i'n >rluch 
it appears to mote to the ditection 'injv;^ich t^ejiM^ i^ seen. 

630. For the discoreiT' of tlie abeimtioB of ligiht) ind 
detennination of its amotunty ^ciemiff \b inddbted to the dis- 
tinguished English astronomedr Br BrabiI.ei' (ut 1725). 



; SECTION vn. ■ 

PBECESSION OF THJS EQUmbXBiS-^NtTYATtON OV TUB 

E4JiTa'a AXIS. 

631. Besides its rotation on its axis, the earth has two 
other motions which change the direotioQ of th^ parts with- 
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out altering the position of the whole in space, called Pre- 
eetjton and Nuta^im^ Tbesfe motions are veiy slow, and 
an not discoferaUe except bj tcij caieflil and long^^on- 
tinned obserratien. 

1. FrtcmAm qf&ke Equhuweg* 

632« The eelipiic eata the eqninoctial in two points^ 
called the EQunfozsa (211), dtuing one rerolatioii of 
the earth round the sun* But these two gbbat aan 

CLES CUT EACH OTHER IN DIFFERENT POUTTS EACH 

TEAR ; that iSy the points (or stare) in the stany heavens 
where they intezsect are different each year. This 
change in the poaiti0n of the equiDoxea is called the 
precession qfthe equinoapes, 

633. The line of the equinoxes moyes backwards* upoa 
the ecliptic, that ii^ from etist to west, or in a direction 
contrary to the sun's apparent annual course through the 
ediptic, which is from west to east ; so that each year 
the sun crosses the equinoctial in a point west of that 
in which they last met. The amount of this retrocession 
is 50''*10 avery year. 

634. As the sun moves eastward through the edipticy 
and the equinox moves westward, the sun vdll come 
sooner to the equinox in each revolution, for they 
move round towards each other ; hence the period of 
each equinox will come a little earlier every year ; 
from which the expression precession of the equinoxes 
is derived. The time which the equinox precedes each 
year is 20™* 19*9*', that being the time in which the sun 
goes through an arc of dO'^'l. 

635. From this circumstance, the positions of the 
signs of the zodiac among the stars change regularly 
backwards (in the opposite direction to the sun's mo- 
tion). The rate at which the equinox recedes is such, 
that it makes a complete revolution round the ecliptic 
in 25^868 years. This Is equal to 1° in 71*6 years. 



* A motion firom west to east, or in the order of the signs, is said 
to be direct: from east to west, or against the order of the signs, 
retrograde or haehwardt* 
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6r W ^tme ^Sg£) in aVrnf 20pD yt^aov ^Loctficcoiidingly 
11 13 fband thaC the qo^ioh ql! (i)e ^giptiTiJi oaw about 
30° ffehmd what It was 2000 jeois s)4ea) fix &(■ the 
Mj/Tu and eomtellaltons of the mme name were the 
same —but cHilb iS^ W&tiAi iffi' ^ethifl^ the name it 
imi &m, 13 oturui the pneeimg contwl^lon— ^ 
Pan, 182, pt^ as, and for lattrugnOi 

fHu. IVam diu leccMinn of Cbe equin^i, t]ie tiae jrtK 
ifrtb«pM6i of Oi^Ewdl't Tyrant A the wne ^U^i; a )i^ 
MlgW tUB tfie-eiiiiiD<i»f^<" tmptial yai, *^cb w fbe 
litoTil beiinca tVB Rtona M tbe sarne t^^Sttoz. — ^ 



y-g la 



637 The pru-csswn 
the (quiQoxes IS cam 
hy a conical jimtton ijf i 
earth t axtn, by wluth, <i 
'While the middle poml; 
remains 6xcd, tbe poles 
descnbe a small circle ssm 
the adjoimtig figure L(.t 
Ao, Bi, Cc, Drf, reprc 
sent the earth a axu 
bemgtheroiddlepo nl It 
does not alwai s remain 
in the "ame lirect on 
point" g t the stir i — 
but ahiAs on its centre, 
passing from A a to Bb, 
&c , the poles deBcnbing 
the circles ABCD abed, 
and sncees8i7elr pomting 

to the Blara a',b,c,d' , 

Thus, each ladtus dEscribes a cone — eoimiletiDg it in tli# 
long period of 2£ 868 years The )n^Ds A ^eaeanbrn 
the cone A B C D,— the radius O o, the cone Oabcd. 

C38. TbemoUonofeMhiadiiHeuctlrnKmUrathalof 
a t^ fpimuoK. It ii afim obMiKd, beri^ its rotatoiy. 
motion, to li»?e a iwinging motion, irtdJhtiig'to oiie side. 




138 EtEMEiit&' b^ AJStBliNtrtiY. 

then gradually shifting, kai ibclining as much all round, 
so that its axis has a compound motion, turning like any 
revolving body, and at -the-aaxpe time describing a cone of 
which the apex is at the ground. Xft this swinging motion, 
it always kej^s the same indin&tion to the horizon, as the 
earth's axis does to the ecliptic. 

639. From ihis^ the pok of tbelieaTeiis (the point in 
the heavens towards which the earth^« pole is directed) 
describes a circle round the pole of the ecliptic (Par. 
62) ; this circle id always 23^ 28' &Qm ihai pole. 

640. Hence, the earth hasnot alw£^s the same star 
for its pole-star,* The presenfr^ole-star is 1° 24' from 
the pole — at the thue of HipPARctttrs (about l40 B.C.) it 
was about 12® from the pole. It will be nearer to the 
pole still foi A little, and then will recede from it again ; 
and in about 12,000 years the pole of the heavens will 
be on the opposite side of tire pole of the ecliptic, 46° 56' 
from its present position, and very near Vega, Ihe prin- 

i^oipal star in ihe eonstellation Ltka> which st^ wUl 

tisen serve for a pale-stav. Se« Fig* 42y in which, the 

'^xIb ift aeesi ^oiiiting mioeessivelj to the diffei^eiit stars 

!ia\^'yV><^ in ^.he <9phere <>f Uie keavexus. 

^'. >641. But the angle of indination of the asis to the 

'fdliptk ahvGQrs ^xnolEis unchanged ; so that the^^angle 

' between ihe pldnes of the ecliptic and equinoctial i£ll 

ccmtinues the* saine-— 23° 28'. And the whole earth 

'partakes of this motion, so that the axis and poles dtill 

bear the same jrelative position to the other parts of the 

earth's surface, — the latitudes remain the same, and the 

waters are unafiected. 

642. From this, then, the points where the ecliptic and 
equinoctial cut each other must be continually shifting. 
This will be illustrated by the following figure. Let P 
represent the pole of the ecliptic, the sphere representing 
the sphere of the heavens. Let B C be the ecliptic, and 



* The brightest star near the pole of the heavens, is the pole- 
star at the time. 



^jtfiM^I* OF AST^PIfC^^. 
,. .Fig. ,43. , 




J^e snisll cbcU kl^h" t&e clMl6 in thelesTensmB^ed 
iit b;^ the «u&*H ^le pofind the pole of dw etdiptic^attd 
'^e pointe A 6' A" on Out cirde dil%K»t fositioiiB (^ the 
jwie of the heavem, WheA his the pole| the eqUinoofUl 
-trillbe ErQ,mtc»BectingttieeclipUoiii>. Whe&A'is 
tiiepole, E'r'Q,' wiQbe the equtneclJB^ eixUhig t^ edl^ 
tie G> r' — and nhen the pole b at A"; tba portion' of t&e 
eqnmoetial will be E" r" Q", haTing' r" for the eqidiKCE. 
843. Hie cause of this cottioal tnotion of the asrtl^'s 
asja is the sctioa of the enn aod tnoon upon the pii>- 
tuberant matter at the earth's eqnstor. As they move 
in the ecliptic (191), and the projecting matter st the 
eqo&tor b out of the plane of the ecliptic, tlieir action 
t^ds to draw this towards the plane of the ecliptic and 
to make the planes of the ecliptlii and eqoator coincide. 
But the rotation of the earth on its aids prevents any 
change in the inclination of the equator and ecliptic ; 
and causes the earth to have tlie gyratoiy motion in its 
ftziB wliich f^ves rise to precesuon. 



. , »@44^ Tb&,^D|(^^)LV0f i>i^^oea9ipni.|saQaed Vy ibe action 
(d ihe 9Qiiis .^u|i 15'H; .th^.pxodqficd by the moon 
9^^\,o^,nwlyi, a» 2 to 5* . 
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.. 6^, ThQ circle which the ewth's Fi^. 44. 
jjoie describes rpi^nd the pole oi the 
elliptic is opt j^ t^iie c^t4e,,b^t ,^anred,, 
or undulating, as represented in the 
adjacent figure. This ^NKsilktfiory mo- 
tion of the. pole backwiords and for- 
wards is termed i^ vtatioit^ bdng ja 
sort of nodding motion of t]b^ .e^Ji^th's 
axis. 

646. Nutation wOi be best Tinderstood by supposing 
tbiS point DopEesenting ihttnean place of the pale to- de- 
scribe the uniform circle round the pole of the edipti^ 
while the real poHtion of the pole describeB a«maU. obiule 
(or rather dilipse) round the mean place. 
I. 64|ir. This smidl. ellipse is completed in a little less 
than nineteen years, at a distance from, the mean place 
€f, the pole of about 9^' — ^the longer axis of the ellipee, 
ijirbich points towards the pde of the ecl^ti<^ being 
§boutl8"-^ 

^ .648. Nutation Ss caused by the action of the xnoon on 
ihe prptubexant parts at the earth's equator^ which, as 
tik^ moon's orbit is inclined ^° ^ to the edyLptio, and its 
nodes complete their rcTolution round the ediptac in 
eiighteai years seven months, causes the abore described 
m^tign^ accompanying that of precession. 



SECTION VIII. 



DIVISIONS OF TIME. 

649. The leading divisions of time are, tbe dat, tbb 
MONTH, and THB YEAR. The civil standard, in the 



recfaming of tltoie; is tlic iittJA^s^^ t^A;v- 

fbtip hoiirsr ; tbat 4«, the'tneato bt aveiiiftge titrie wM&i 
the earth takes in reyolving froloi'tlie vioxtx^ot when ^B 
san is on the meridian of, a^ p)&c^ till he returns to that 
meridian again. The most perfect measure. of time is 
the sidereal day, or Wife time Whibh tfi* earti talj!^ in 
revolving from thfe moment Mrheii isiiy sttii* is on iflife 
meridian of a plao^ tlH It ii^uilii^tb th6 sam^ ttleridiaxl. 

650. There are fb«Br Mdiff^^ent khids of dkyn. 
1. The sidereal day. 2. The sola* day* 8. The m^ah 
solar day. 4. The lutaafr day. 
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651. The true or ndereal day is tfa^^ne of one eon^ 
j^te rotation of the earth on its azis^^**«nd Its length h 
23 hooiB^ 56 minutes^ 4*00 seconds. It is called ^ sid- 
ereal" from 8idti9 a star, because it is determined by the 
interval between the two successive appulses df any star 
to tSie Bsme meridian. 

652. The true time of the earth's rotation on its 4^ 
is judged of from the return of a star to the merldiai^, 
because the distance from the earth to the fixed stan Is 
so great, that its position in any differmU putts of its 
orbit may he eonwlered akoayM the same with respect U 
any fixed star. Hence, in reference to the fixed ^;at^ 
the earth may be looked on as not moving round th^ 
sun at all, but ever remaining in the same epot, rotatiiig 
at a uniform rate upon its axis, and therefore ever t^ 
turning to any star in the same time. 

2. SOLAR DAY. 

653. The solar day is the time from the sun's being 
on the meridian of a place till he returns to that meri- 
dian, — ^in other words, the interval between two succes- 
sive appulses of the sun to the meridian. 

654. The solar day is longer than the sidereal day, and 
its duration is different at different periods of the year. 
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/.655(i ThA'i6o)(tr d^^.19. lo^af^r ibm ih^ BidereaL day, 
lieMU0e^whUf9 vttaeeiurUB^'ofiBQ^ in. its orMt 

4r^ nMiw to Ai #ur»*. TMs^affeots.the aolav day m ih% 
ioHowing snom^r: Afiber tii^ eavtibk haa snade aae com^ 
;fkH» Uvm osk 11^ ft^dfW aA4 l^ougbt aay. mdndian oo 
which the sun was at ^e commenoement of thai lota- 
H^ to tha rnxne Btwe^ that meHflian mil not haw roughed 
tf^ sun at the jdose <if the. •rsUU^frt; fw, the earUi has 
•during that p&iwi mo¥ed onward in ita orblty and, hav- 
JAg in a manner M#f^ pa&t the mn, must turn fiirther 
round than the complete rotation to bring that maidJitt 
tft the tun again. 

.. 66Q* This may be illustmted by the following figure. 
Let S represent the sun» EAF^aaectiaaaf ti^eearth 



■> ti 



Fig. 46. 




I 2 3 

at the equator^ A the meridian on which &e sun is at 
any given time. If the earth revolve on its axis in the 
direction F A E, as indicated by the arrows, and move 
in its orbit from 1 to 2 in the time in which it turns oa 
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its ftids, it will hBTB ilaoye^ to 2 w^^ %he folni Aot A' 
has come to the ttmio iBtor ; boi^aii it lids tkiored aoaa t6 
hting the min ifi a mBmier bdUn4 the eaifth^ new f^tSs^' 
tion, it wlU not haVi^ l^eughtthctt {«iiit t^ the^^a^ but 
Teqttlre to move ttmnd tda betbreit«0ibe9''agahi to^the 
sun. Henoe, the s^te dajf- is long^ thiea ibe iMeinaH 
da/ bj the time the' poibt A' tak»8 l][k levolTiug ftdqi 
A^ to«. ' . . . ''...,..'.. ,. /.- 

657. The length of die solar day is difiereiit ut^dif- 
toent periods of the year froih two tsausigs !^^lk The 
inequality in the rate of the earth'i^ motion round the 
sno ;— 2. The inclimtion of the earth's axis to the plane 
of its orbit. •» r 

658. As the earth does not always move at the Mune 
rate round the sun, it will, at different tikaes^ have 
moved different distances durmg one rotation^ and iher^ 
fore the excess over the complete rotation necessary to 
bring a point back to the sun will be more at certain 
tunes th^ at others. 

659. Thus, in Fig. 45, page 142, if the eartj||^ instead of 
moving from 1 to 2, had moved from 1 to 3, it is evident 
that the point A, or A'\ at the end of one rotation, would 
be still farther from the sun, and have to move further 
besides the complete rotation to bring A to have the sun 
on its meridian — ^namely to «/. 

660. Perhaps the best illustration of the difference be. 
tween the soliur and sidereal days is afforded by the motion 
of the hands of a watch or clock. If both hands be at twelve 
o'clock, and set out together from that point, the long or 
minute hand, when it has made a complete revolution, will 
have returned again to 12 o*dock, but will not have reached 
the hour hand, because it also has been moving, though 
more slowly, in the same direction ; and the long hand will 
have to go more than the complete circle before it overtakes 
the short hand. Now, the long hand resembles any terres- 
trial meridian, the short hand the sun, and the dial plate 
and figures the starry sphere and stars. If the hour hand 
be supposed to move at different rates in different parts of its 
circuit, the minute hand must take different periods to come 
i^ to iu 
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foU^wwg-^Wv, tbeiBat«aU^.cBMed{9Hitt4iiK'Wa^: 
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repMMmt the apiwra tf tlw heaven^ (v> o ic= tli» eqni* 
nootial, end optfa:^ ib» ecliptic' Lett&eioal raa be 
sajq>osed to move horn «/* bjf tf tf if d" ^ iH: gklm, re- 
taming; to f uL.Uie jear, while the othar, starting at > 
the stune time jrom Ti moTea along Uw^yunoetiallQr > 



abed ei£±y ^t^Asmnaaig 'igfdfi'ii «6 <ii^^ dli^dcti^> 

parts in a, a', &cT iS^mti ii^^ltfe- WlH Jlil lA ileB toe ^^pMlg^ 
the pwtff. in onii^ w^ 1to<«Mtf; tdiiiotfe iW {fie ot&er^- iikd 
tiwrelim thefixi^ iT^f ite e^tic* Ib 6^ 
«r a of the e^EtdMofiM^ «^l^ Wtt^z&'i^i^ «e, aii^^ 

668. Ne«v tet^ttie«^^tfitia» of n^ pttce^nd fke tm^ 
8iMwWetity>«tMrygifWi«(KW i q a ' Oi e n iallfletaBtt^*- 
gedier ui the ^tane diiMiiuR^ l« e. ioiwrcfe^^* WbeB - 

te ^^the two^eone'wfll klfe a^nnc^ &i tli^ eottne^ 
let us sappofle to a^ and a, eqndi distances from (Y>y — in 
oontinning its reyolution, it is plain that the meridian of 
the place wiU come sooner to^e son a' than to a, as the 
latter is farthest,* m the dhrtdion i(f roiaUtm^ from the 
meridian line of ^e j^ace. Hence, the tim^ as mailed 
by the son in the ecliptic^ wi]| be before that as marked 
by the son in the eq;ldnoctial ; and ifafr goes on so long 
as the son is ineieaaing his distance from ttie emiinoctial 
— that i% fro& cr'to e^. When he comes io the solstice at 
i/y the reverse takes place ; the meridian, from c' to rf^, 
comes to the sun d on the equinoctial before d^ ii^t}ie 
ecliptic/— The same takes place again when the sun 
moves from <Gb by g, hy &c. to ^ . 

664. The sun-dial exhibits time as indicated by the 
real time of the sun being on the meridian,^-43ie actual 
solar day, sometimes longer, som^timto shorter. The 
CLOCK exhibits time adjusted to the mean solar day. 

665. The comprehension of the variation in the day being 
caused by the sun's motion in th*' ecliptic, will be greatly 
aided by marking points on tbe equinoctial and ecliptic at 
equal distances from the equinox, on a terrestrial or celestial 
globe, aad observiag in vbat ordtt diey oeme to llie bnam 
meridiaD, aooording at they are appcoacfaing to or needing 
from tbe equinoctia]. It may be rudely illustrated by making 

* The distance of a point from a line is the perpendiealar on tiio 
line drawn ttma the point. 




■iiB i^iln luch u tha .abaTe,— fixing b^'a pin ooB.tfid «f 

,:;,■' tkcad at'iF, and ca«iii« it ta pua ftom PQ W VX). 

' TtitMhiMdi.in patpinc £[<Hn^B to P3' vJSalsftja come 
■ooTin to BDj point in B D than to a coTieapoDdfni; {itie in 
B3, and the rererse in pmiog from P3' toPC. Now P 

- I^ipiWetiti th« pbl^ Ihe OaeAi Sit meriSiaa of b^ place, 

■" BDOtIi«'edi[»tfe; B OllieeqofnoctiBl.'' 

3. MEAN BOLAS DA.Tr 

h.eeSi Tbe'BMaijtan&oaeii^tMlbf Uie'earUiiiitenlr- 
iiig frtnu ths nm'BJteiBg os ihs'iuieriiliaa of a pUee tjU 

Jl letunifr to the oawe meridiai^ :is «BUed the mean Mter 

-tfny. . It is thiaito which, the clocks are adjiuted, 30 that 
ti)»y stay glTs equal time at all paEiods of the year. 
667- Four times a-y«aT, the tHcon lolar day and 

caotaai solar day are tha niae. 7h^, the otaok (mean 

. afdai day) and BUn'dial (actiud aolar day ). one ooifioident. 

. Theee four timet ore, I>eoanber 24tb, Api'A l&bh, Jnoe 

..l«th, September 1st. 

^ ' 968.' ThHC pniodi' are nCar iV'^irinOXM, bM da nat 
coincide vith ihem. Did the variatlaa im the adM dar .de- 
pend sidely on tiw iodiiutioii of the ounh'a aaia to the 
ecliptic, the perioda of the dock and lua being the same 
wfuldbeiheeqeiocxcaaDdsalatiemi but iJbe.pttieT eleaient 



which gives rise to variation ^in the solar day— the in- 
equality in the rate of the earth^s motion round the sun — 
causes the time of coincidence of clock and sun to vary from 
the equinoxes and solstices, * 

669. From December 24 to April 15, and from June 
15 to September 1, the mean solar day is shorter than 
the actual solar day,-«the sun tak;es longer than 24 hours 
between two successiye appraises to the same meridian, 
— apparent time is Wiind mean time, — or, the clock is 
&^orethesun. 

That is, &pm about ff \OfCk y,aUd U to T in Fig. 46. 
In these quarters of ita course, themeridiai) of a place comes 
to the sua in the equinoctial before it preaches that in the 
ecliptic 

670. From April 16 to June 15, and from September 
1 to December 24, the actual solar day is shorter than 
the mean solar day,---the sun occupies less than 24 houi-s 
between two soeoesaTe apptilses to the same meridian, 
-apparent time is before mean time,— oi*, 1^ '^Ickslc is 
behind the sun. 

That is, from about r to^ a', an4 ,4P> ^ Ar, jE'j|^.,ji|$, a 
place in its daily De^cfliji^ncpme^ Pponer to thj^fe^i^ ^igi in 
the ecliptic than to the imaginary sun we have supposed to 
revolve in the equinoctieL 

671. See column << Equation of Tim«"^<iji[ tibl« al- 
manacs ; which shows how max^ ike dock is befol*ft or 
behind the sun every day of the year, so that when v«ie 
take the true time by an observsiion of the suli's alti- 
tude, we may be able to add or subtmet the neeeipii^ 
time to set ^e dock bymeatn time. . ..;•«' 

672. Generally speaking, it may be sdd that' fiN>m 
about the time of the equinoxes, the dock is belund Ihe 
nun, — from about the time of Ike, sol^icesy the«dod^iis 
before the sun. The days vary so miich^ that ^ometimfes 
Apparent noon is l^i^' befbi:e« m^an.nQpp,y-69^times 
14^°^ after mean xuHMi. 

67B. Althotigh the sid^red dtty ntver varies^ it cannot 
be adopted as the standard of time for ordinary occ&Mons of 
hh ; because, it Wedd nbt cev^rm wi^ thow ftdturd di- 
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visions into dayMAifi^ (^^iijMMs^ iin^ine and periods 




I' th« ikH a^es*^,^!? ^liiunj tf^ T!ig(i^d t>^ the sldereat 

now at sunset, continually changing its rekiioii te^ the' f^cedi^ 
'.ru^Qrof tboser^vigBaioCtlie 'dsiy^m:i6/tii§;ht^ hf' iifbiAlk is 
jno«^.c^veoi^tadltM(Aiatiai^.''iii i' 
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. 6SF4. Th6 hniBr day fetiw Menml between two Sdef 
cMsbre apjpakei of I9i6 mxxmto thewkAe^tidkaa, IMf 
ia^diffet^t ficom the true di^^ as the ti^i^m^iis a fla^oiti 
ttuoughihe heenrens, to that tbe eartb has toiAMlk» iikflM 
tium a conipkte rotstioii bsfote i^ ifings ai^y nt^dltttf 
again xcnmi to the nuxm.^ Ad the mbo& meh^«8 4&9y^ 
alront 13^ &foiigh tli0 sky; to oreitaik^ whfeh HtL^esama 
requires about 50 minutes^ thinttme mtt^ W&^ediii^ 
tha teottunan day toi c»9stituto a hmar d^jjf l '4hii£'is 
Uiarefose24i»^dCIR>-teduratton. -^ 

i f .■ . :->••■ i ■ • - • • • '■• ■ 

-676. The tnottth tt rf three kinds,— The >ftfemi^ dr 
p&riodlddi mimihj of 27 davs, 7 hours, 43 nunutes ; thb 
9^h«>iidati^hLn&^inonih]'tX 29 days, 1^ hours, 44 liiSof- 
u^^heinffi^the^fiAlter^ fibm bne "ne^ inoon 1^ the it^ 
(9&PyQB4^j tod^the-caleniStir, or common mdnlh, Jatf^ 
uary,' IS^fttHtf^ Wkich, &6.; 31 or 30 days, exc^l^ 
February",'Whj*ih: fe 28 Or 29 days. In each year ^ete 
at^'18 eomino^ t^ cafendar months ; a little less than 
12^ synb^csl mentis ^ and a little less Qabsi as^ M- 
er^Sl-BWnths; ^^' •'••■^"^ ;..'-■.::■•'.-: '-' 

'.y:^ . ;■ _ .; _d,tyeY^^^ . .... ,.: 

676. The yav is^ ftTeidn;dflr^^.l%« mfiHtfwsrti^ 
or TROPICAL TEAR : — 2. The sudrrral yrar ; — 3, The 
ANOK ALisTio YEAR ; — 4u The COMMON YRARy of 365 days ; 

I. The LEAF-YSAR,^ of 966 days. 







tihe 8amQ 

days. The odd hours, 5^' 48W»4»^^ t^^ottW^WWi^iiimtti- 
ulate to a serious amount of error : they are disposed of 
in the following maiiiiltei' t' "Kreir imouut to nearly a 
qu^ifter of a day^ abdare ijfe)w^4ovacciiiiini&t0iffill hi^ 
fimfh ymr^ ^heoi. ti>ey ilmouttt tor a-da^r^ and «rp got lidt 
<^ l)^ snakiog thai* yieuPvim.dajr Jooger^ or 066 4BJ^a;i 
1^Pba^;«d4AiioQal day is added in IPf^msesi^ whiehkok- 
th^< ^ days ; and that y^for ia sidled Aiiu|PMYEAi^'oir^ 
]aie!»9xT£LB« This and otiber important impvoremeiBt^^ 
W^fQ inifiroduced by Jvuucr OjteAR'; tieooi^g- tdiihb 
ptei)8 0lth«&atvQnomer'SottosNS8* . • . ; ^ -^i. .n 

67^ But the excesa of the iropical year^0Terd66 dt^^ 
is not quite a quarter of a day, b^ii^g aixltit' Otl ndlHitel^ 
less ; hence one day every four vears is too much to add. 
This is compensated fbffy witihim d- very trifling quan- 
tlty, by making every htm^edth year ft ^9mi^9^ if^r^ 
except the fourth^ iohick ie to be i^ tsap-yeasr* !Fhu8yiit^, 
every four hundred years^ iiine yeant w^h w^ul^. 
otherwise he leap-years^ li^v^ ;0qJ^ 9^ day%' whioKr 
takes off the excess of the day addcid in ^ach leap-y^AT) 
over four times 6^ 48"»* 49'7*- TJw T^om»mg eaw 
amounts only to one day of excess in 3860 years* ; . f 

680. The principle of arxangieiQA)^ may be thus shortilyt 
stated. Every common year which leavss i^ fwi^^ind^ 
when divided by 4 (as the year 1840), and ev(|iy ibfip^.* 
dredth year, which leaves. no xengiidnder when divided 
by 400 (as the year 20^)0), are leap-years, having 866 
days. AU the others are yeai^ of 865^ dayvy f -• 

681. This arrangement was iDtr6da<ied bj iPope Ore^ry 
in 1582, andbitf be^ adopted in tSl civfifzed coantrtefl, (Ex- 
cept Russia. It was inttOduie^ ibto €Mai Britelni^ 1702/ 
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ulated to 11 days, and was rei^t^p^.hj^d^'^^sicip^ th^ days of 

.^ . \}^^ .wpnt]^ {1 1. 4ay_'?5t . ih^ :H pt ^^i^^^J^.Jf ^P ! *^*. ^^*- 

^ j ^iie df^fre^ce beliveen ^he ne^v apc( old styles now amounts 

•.-'to.'l?^days.;.',' '\ ■"■ 7,' '' " .'•,"", "'■'■ '' '■ '■ ' . ''■ 

;,• !,...-. .'--..r; ,, -2^ iTHEl BI^BR^Ati ''X'l&ASI*' ; ■ ■ --i - -^ ■ 

6te. The ttuife' timfe bf the earth's rdtohition Iti its 
othit, isthepie^oaaifft^tetitti After 

tli^ sidn has ':^etu'tlied Id 'the sftin^' e<|iiliiox, ad that ^as 
i'eeeded SC^^l/he has still' 50^-1 off hfe otbit to bomplefe 
the real revolution, which requires 20w- 19*d»- df thne, 
tAich'mtist therefoite he a*ded to th'^ tropical:' year *to 
make the sidereal year. The dui^tidh €f thd laHer Is 
thfeitefor6, Sm^ 6^ 9™- !>6^ 

3. THE ANOMALISTIC YEAR. 

683. The line of the earth's apogee and perigee — that 
is, the longer axis of the orhit, undergoes a gradual 
change, which shifts the apogee 11"*8 annually. The 
earth, therefore, must descrihe this s«^l arc in addition 
to its real revolution to hring it ijioiund to the same 
position with respect t<^j|he apoge^ It requires 4°^ 
89*7^ to complete this* teaU arc, Imd therefale the 
anomalistic year — as the ti^ required t0 hring the 
earth to the same relative position to the apogee is 
Called — is 4™- 39'7^i»aore |han the sil^lieal year, or 365^ 

6»^ 13°^ 49-3«- ^j ;v- .:•:: 



SECTION IX. 

moon's phases — ^ECLIPSES, &c. 

]. The Moon's Phases. 

684. The leading phenomena of our satellite the moon 
have been already mentioned : see page 79* 

685. The changes in the moon's appearance from a 
small illumined crescent to that of a full enlightened 
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orb; sndfrom'tl^tto ii crei^&t&gaytM'Skedis^^^ 
entirely, wte termed ^iAi^:;- "■"" '"'-' •'■"■^' '' "*''■• •-■ • 

686. 'Hie ipooii*^ j^liasfe^ 'd^(^'iiwiiii^^ to'<^''M^ 
causes. She is a ^ark Body in lierself^' a^d ^^tiii^, oidy 
by reflecting the sun's light ; so that only one naif of 
her surface — that which isneottrthe 6iin«-is illumined at 
a time : fm4 the oidy part^ ttl^^t <i^ hp , ^cq, , ^e jQ^pse 
parts of the iUun^ned ha)i> wh^h ^r^. rt]imq4 tow^^r^ 
the observer* But^owiwg tp thf inpfloi's mojUpp, Jpujip^ 
the ^earth, different amoipita Qf t)ie bright h^f ^9^ i?^73»^ 
towards the! earth at di^erent tviues, sq i^i ^e.^pe^ 
of ayeiy different magnitiide, £rqm fiill nu^on, tiU , 4i^ 
disaj^earsaliogether. : . . ..( 

687. The following figure will illustratie the mpo^fs 
phases, and also those of Mercury and Venus. 

Fig. 48. 





hT \ 



Let S represent the sun, E the earth, and A, B, C, D, 
F, G, H, K, in the inner circle, the moon, revolving 
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Totind the earth m the direction of the order in which 
the letters have just heen named. Then at A, when 
the sun and moon are in conjunction, the unenlightened 
half of the moon is turned towards ^e earth, as shown 
at A' in the outer circle, and the moon is not seen ; or, 
U is new moon ; or, as sometimes expressed, the moan 
changes. At B, as is seen hy the pointo where the inner 
circle cuts the moon, a small part of the enlightened side 
comes into view to the earth ; hut the greater part of 
the side turned towards the earth is dark, and the moon 
appears an illumined crescent, as shown at B', in the 
outer circle. At C, half of the enlightened part is turn- 
ed towards the earth, the moon appears like a semicircle, 
as at C in the outer circle. At F, the enlightened side 
is turned towards the earth, and the moon appears full, 
as at F', heing then in opposition. As she continues her 
course, she gradually presents less and less of her bright 
side to the earth, successively appearing as at Gr^, H', 
K' in the outer circle, until she again comes into con- 
junction, and entirely disappears. By tracing the figure, 
the phases will he readily understood. The inner circle 
shows the illumined and dark parts — ^the outer circle 
the appearance presented to the earth. 

688. When the moon is in conjunction or opposition 
(as at A and F, Fig. 48), she is said to be in her syzioies 
— when midway between these points (as at C and H, 
Fig. 48), in her quadratures. 

689. The earth appears to the moon as she does to us, 
but of about thirteen times the size, and affords her a 
very considerable degree of light. The light which the 
earth yields the moon renders the dark parts of the latter 
faintly visible, a little before and after new moon. At 
these periods the moon's light, as it appears at the earth, is 
weakest, and the illumined half of the earth most fully 
turned towards her. See A, K, and B, Fig. 48, page 151. 
This enlightens the dark part of the moon, and this light 
reflected back to us, renders these dark parts visible 
with a dull grayish light — ^forming the appearance popu- 
larly termed ^* the old moon in the new moon's arms." 
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690. When the moon is viewed by a telescope, motin- 
tains and valleys are distinctly discerned on its surface, 
— the former very numerous, and some of them about 
1| miles in height. There is no appearance of clouds, 
or any indications of an atmosphere of a density at all 
approaching to that of the earth. When she presents 
less than her full enlightened surface to us, the edge 
next the sun, which is fiiUy illuminated, appears smooth 
and rounded ; while the other appears rough and broken, 
— most probably from the hills being still enlightened 
by the sun's rays, while the low grounds are dark. The 
same side is always turned towards us (886) ; but from 
her motion in her orbit not being uniform, we sometimes 
see a little of her surface beyond that half on each side ; 
and from her axis being inclined to the plane of her 
orbit, we see at times a little beyond her poles. These 
shiftings of the face next us are termed libbations. 

ECLIPSES AND OCCULTATIONS. 

691. When the sun or moon is, in whole or in part, 
obscured by a shadow which gradually comes over the 
disc and then glides off, this phenomenon is termed an 
EOiiiPSE. Eclipses are of two kinds, — eclipses of the sun, 
and eclipses of the moon. When any fixed star or planet 
is obscured by the moon or a planet passing between it and 
the earthy this phenomenon is termed an '* occultation." 

692. Eclipses occur only when the moon is in or near 
to her nodes (224) ; because then only the moon, earth, 
and sun are in die same straight line, or so nearly so, 
that a part of one can obscure part of another. They 
also occur only at new and at full moon. — See Par. 704, 

1. Eclipse qf the Moon, 

693. An eclipse of the moon is caused by the inter- 
position of the earth between the sun and moon, so that 
the earth prevents the moon from receiving the sun's 
light>, and she is therefore obscured. 

694. Hence, an eclipse of the moon takes place only 
when she is in opposition. 
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Let A S B represcirt the sniftce of the snn, H O the 
the earth, m the moon, dnip the moon's orbit. Then, 
the aim's mys from A and B, shirting the earth at H and 
O, will project a c on icaI shadow H CO, within any part of 
which no raya will be received from the sun. Bui, the 
parts A and B of the sun also send rays, crossiiig in K, 
A On, and B H& ; and between the line of these Taysand 
the perfectly dark cone H C O, any object will receive 
part but not be illumined by the whole of the min's 
mys, part being cut off by the inteiTKised earth, Thns, 
at n, no rays from the sun's surface between S and B 
will be received, and therefore a less perfect Ught will 
be shed at n. 

696. The perfectly dark space HCO, is colled the 
i/UBRA or shade ; the auironnding parts 6HC, aOC, 
the PENUMBRA or "almost shade" (pene almost, vmbra 
aboAe). 

697. Now, when the moon is at tl she will be fully 
illuminated, receiving: the ntys from the whole of the 
sun's surface A S B ; but whenever she enters the pen- 
vmbra, by crossing the line 6 H, the earth will cut off a 
portion of the sun's light, and she will receive less and 
less na she passes onwards towards i; ; nfter crossing the 
line H C, she is totally eclipsed, and remains so from « 
to { : on crossing C, she emerges from the ombia into 
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the penumbra CO a, in which she gradually receives 
light from more of the sun's surface, and becomes more 
luminous till she passes out of it, and again receives the 
full light of the sun. 

698. The apex of the cone of the umbra extends to a 
distance of about 800,000 miles beyond the earth ; its length 
of course varying according to the earth^s distance from the 
sun — varying from 212 to 220 times the length of the 
earth^s radius. 

2. Eclipse of the Sun, 

6d9. An eclipse of the sun is produced by the moon 
passing between the earth and sun, and thus, according 
to circumstances, cutting off a part or whole of his sur- 
face from our view. Hence an eclipse of the sun hap- 
pens only when the moon is in conjunction, t. e, at new 
moon. The eclipse may be totals when the whole of 
the sun's disc is obscured ; partial, when only a part of 
his surface is obscured ; and annular^ when the moon 
cuts off a circle in the middle, leaving a luminous ring 
around the part obscured. 

700. The distance of the earth, sun, and moon from 
each other, is the circumstance which determines the 
nature of the eclipse. The extremity of the cone which 
forms the moon's umbra falls always near the earth ; 
but sometimes falls short of the earth ; — sometimes just 
touches it ; — sometimes is so long that it could reach a 
point within the sur&ce, and then there is a spot on 
the earth entirely obscured. 

701. The following drawing will illustrate total and 
partial eclipses of the sun. 

Let A S B be the surface of the sun, H the moon, 
ba'E the earth, HOC the umbra or dark shadow, 6 H C 
and C O a the penumbra, within which only part of the 
sun's surface is obscured. It is evident that within v 
and f there will be a total eclipse ; from 6 to v and from 
i to a a partial eclipse. Thus at n, the moon will ob- 
scure that part of the sun's surface which lies below the 
line n H S, so that it will perceive only that part above 




that line, or S A, and the extent of the sim's 

will be greater according as tlw place is neater to v and 

i, where tht unihra commences, 

702. An annular eclipse of the sun occurs when the 
apex of the cone of the moon's shadow or nmbn &l]s 
short of the earth — then there is a margin of the sun's 
snr&ce left bright all round, while the moon darkens 
the middle part. 

703. This will be illustrated by T\g. 6J. 

Fig. 61. 




Let A SB, as before, be the surface 
of the snn, the apex of the conical 
shadow reaching only to c. It is plain 
that an obserrer at v will have part 
only of the sun's sur&ce cut ntf from 
his view — namely, the part within the 
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letters S9 — ^the parts A £f and B« will be seen forming 
a luminous ring all round, as shown in Fig. 52. 

704. There would be an eclipse of the sun every new 
moon, and of the moon every full moon, if the planes 
of the moon's orbit and ecliptic were the same. But as 
the moon's orbit is inclined upwards of 5® to the eclip- 
tic, at most times of conjunction and opposition she 
is too £Eur out of the plane of the ecliptic to cause any 
eclipse. 

OccuUations, 

705. As the zodiac, through which the moon describes 
her path in the heavens, is thickly studded with stars, 
these will successively be obscured as the moon passes on- 
wards, interposing between them and the earth. When 
the dark side of the moon crosses a star it is equally oc- 
culted, but the occultation is more sudden and striking, 
as its light is not previously diminished. 



CHAPTER IV. 



SKETCH OF THE HISTORY OF ASTRONOMY. 

706. As the heavenly bodies are every where conspic- 
uous, and naturally attract the attention ; — as many of 
their relative changes of position are obvious, and must 
have been observed by even the rudest tribes ; — and as 
the coincidence of these changes with important terres- 
trial phenomena could not escape observation ; — astro- 
nomy has been cultivated from the earliest ages, and is 
by far the oldest of the sciences. 

707. The origin of this science cannot be distinctly 
traced to any one country or people. The earliest au- 
thentic records show that it was cultivated simultane- 
ously, and with considerable success, by the four great 
nations of remote antiquity, the Chaldeans, Egyp- 
tians, Indians, and Chinese. The Egyptians and 
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Chaldeans had divided the year into 965^ days, observed 
the direct and retrograde motions of the planets and 
that they were sometimes stationary, that the eclip- 
tic was inclined to the equinoctial, and had the zodiac 
divided into twelve constellations ;* besides many other 
important astronomical phenomena. The Chaldeans 
are said to have been the first who divided the day into 
twelve hours ; and the Egyptians first used the period 
of seven days — ^the week. 

708. From Egypt, which has been justly termed the 
** cradle of the arts and sciences,'* and from Chaldea, 
a knowledge of astronomy passed into Gbeece. Among 
the philosophers of that country, and of the &moii8 
school of Alexandria, founded in Eoypt by Ptoleht, 
after the death of Alexander the Great, astronomy 
was cultivated with much zeal, and became enriched by 
a very great number of new observations, as well as im- 
portant corrections of former observations. 

709. Thales is the first Grecian on record who seems to 
have given a stimulus to astronomy. He is said to have 
predicted an eclipse of the sun, to have understood the 
nature of eclipses, to have discovered the obliquity of the 
ecliptic ; and to have pointed out the Little Bear by 
which to steer as a guide to the north instead of the Great 
Bear. He lived about 600 B. 0. He is said to have been 
of Phoenician extraction. The Phoenicians steered by the 
Little Bear. 

710. The present view of the solar system was first 
promulgated by Ptthaooras, a famous Grecian philo- 
sopher, who flourished about 500 years before the com- 
mencement of the Christian era; and taught by his 
disciple Philolaus. He supposed the sun to be in the 
centre, and the earth and phmets to revolve round it ; 
and was persecuted for holding this opinion. 

711. But this opinion was not generally entertained. 
It was confined to some of the learned, and waa not con- 

* Some of the tincient oriental nations (Indians and Chinese) 
divided the zodiac into 27 portions corresponding to the moon*s 
daily progress, called the Houte* or Mansions of the Moon, 
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fidently taught or firmly believed by them. The ma- 
jority of the philosophers of those days, as well as the 
people, entertained the popular notion that the sun, 
moon, planets, and stars, revolve daily round the earth, 
supposed to be fixed. 

712. Though it is conjectured that the true system of the 
univeree was known to some before Ptthaooras, particu- 
larly to Akaxikakdejl, it has been always termed the 
Pythagorean System. 

713. HiPPARCHUs, who has usually been regarded as 
the " Father of Astronomy," flourished about 140 B.C. 
He determined with greater accuracy the length of the 
year ; discovered the inequality in the rate of the sun's 
motion, which he explained by supposing the earth not 
in the centre of the sun's orbit ; observed the inequality 
in the length of the day ; discovered the precession of 
the equinoxes ; drew up a catalogue of the fixed stars 
with their precise positions ; and determined the posi- 
tions of places on the earth's surface by their latitudes 
and longitudes. He is said to have been the inventor of 
spherical trigonometry. 

714. Ptolemy of Alexandria, who flourished about 
130 years after the conmiencement of the Christian era, 
being bom in the year 69, is the next astronomer of 
note. He was the author of a work on Astronomy, 
which is still preserved, being known by the name of 
Almagest J which it received from the Arabians, in 
which the whole astronomical knowledge of the times 
is recorded. 

715. Ptolemy upheld the popular system, that the 
earth is a fixed centre round which all the heavenly 
bodies revolve daily. He placed the stars, sun, moon, 
and planets in the following order of distance from the 
earth : — viz. Moon, Mercury, Venus, Sun, Mars, Jupiter, 
Saturn, and, lastly, the sphere of the fixed st£U^. This 
was the Ptolemaic System, which so long held posses^ 
sion of public opinion. The figure in the following page 
represents the 
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PTOLEMAIC HYBTEM. 

Fig. 63. 




Ptolent argued that if the eanh moved round the lun, 

the polei of the heaveua would iMt always remsiD die same, 

that Ihe fixed alara would not pieaerre (he Mine figurea and 

relative disCancea,* that the earth by the greatneia of in 

mais would move failei than the loose bodiea on its surfiice, 

so thai they would be left behmd, and that the earth would 

Boon move out of the heavens. He objected to the eaitb'i 

rotalorf motion that if «uch vere the case, clouda, hiids, and 

bodies floating in the atmospheie would be left behind. 

718. The apparently irregular and retrograde move- 

menta of the plantts were explained by the theory of 

EpiovoLEa : — namely, that the heavenly bodies revolre 

m small circles, the centres uf which move in regular 

orbits round the earth. Thus, let E, in Fig. 54, be the 

earth, and P any planet, revolving round the earth. It is 



• Th. 



>objeci 



en removed by the luggestionj of pre. 
ajtroooiDerst that the euth^a orbit night pernapB be a mere 
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supposed to revolve in a small circle, Poy, round a 
centre c, which again revolves in the circle amno round 
the centre E, the earth. The small circle P05, in 
which the planet revolves, is called an epicycle, and the 
large circle round which it turns, the deferent. This 
theory had heen devised by Apollonius to explain the 
retrograde movements of the planets. 

717. Ptolemy also entertained the excentric hypothesis^ 
namely, that the earth was not exactly in the centre of 
the orbits of the sun and planets ; by which the appar- 
ent inequality in the rate of the sun's motion was cXr 
plained. He considered the earth to be spherical, and 
a mere point in comparison with the distance of the 
fixed stars. 

7 18. It has been said that the ancient Egyptians at one 
period held the opinion that Venus and Mercury had the 
sun, and not the earth, for the centre round which they re. 
volve, to explain the constant vicinity of these planets to the 
sun. This, represented in the following figure, has been 
termed the 
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BOTPTIAN ST8TSM. 
Fig. do. 




719, After the time of Ptolemy, Astronomy made 
little progress for more than a thousand years. It was 
cultivated by the Arabs, who made some additions and 
corrections, and some improvements in trigonometry ; 
and through whose invasion of Spain it was introduced 
into Europe in the ninth century. The Persians also 
cultivated Astronomy during this period. 

720. In Europe, Astronomy made little progress till 
the restoration of the true system of the planets by 
Copernicus. This distinguished man was bom in Po- 
land in 1472. He was professor of mathematics at 
Rome, but spent his latter days in his own country. 
In meditating upon the phenomena of Astronomy, he 
found that the Ptolemaic system did not afford an ade- 
quate explanation of them, and that the Pythagorean 
system accounted satisfactorily for all the changes and 
motions. He accordingly adopted it : and his views were 
published in a work ccJled Astronomia Instaurata, 
which was published only a few days before his death, 
which took place in 1543. His system, called the Cop- 
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ERNiGAN SYSTEM, has now been fully established. He 
made other valuable additions to Astronomy, besides 
restoring the true system. 

721. The next astronomer of note was Tycho Brahe, 
a Dane, bom in 1546. He made many important cor- 
rections of previous observations, drew up a catalogue of 
the stars, discovered the refraction by the air, and many 
important points in the motions of the moon, and ascer- 
tained the comets not to be atmospheric phenomena, by 
showing their great distance, &c. He devised a planet- 
ary system, in which the earth was placed in the centre, 

Fig. 66. 
TYCHONIC SYSTEM. 

. "ft -•^.. 



and the sun and moon were conjectured to have the 
earth for their centre of motion, while all the planets 
were supposed to have the sun for their centre. This, 
which has been called the Tychonic syettem, was de- 
vised to accommodate better to the various astronomical 
phenomena, the idea of the earth being the centre of the 
whole, to which Tyoho Brahb finnly adhered. 
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722* Kepler was bom in Wirtemberg in 1570. He 
was a pupil of Tyoho Brahe, on whose observations 
his important discoveries were founded. He hinted at 
some sach power as gravitation^ and applied it to the 
phenomena of the earth axid moon and the tides. 
He developed the three great laws stated in p. 57, 
which may be considered the basis of the science of 
Astronomy. 

723. The celebrated Galileo made great contribn- 
tions to Astronomy. He was bom at Florence in 1664» 
He invented the pendulum, discovered the spots on the 
sun and its rotation on its axis, ascertained that Venus 
had phases like the moon, and found out the satellites of 
Jupiter. He was a leading advocate and promoter of 
the Copemican system, for which he suffered much 
persecution ; and died in 1642, having enriched Astro- 
nomy and Mechanical Philosophy with many valuable 
discoveries. 

724. Hevelius, Huygens, and Cassini in the early 
part and middle, and Flamstead towards the dose of the 
17th century, lent considerable assistance to the advancement 
of astronomical science. Flamstead drew up a catalogue of 
the stars. 

Towards the close of this century Roemer discovered 
the progressive motion of light : and Picard and the Cassinis 
and others made some approximations towards ascertaining 
the true figure of the earth hy measuring the length of the 
degree at different latitudes. 

726. Sir Isaac Newton, the founder of the Science 
of Astronomy, was bom in England in 1642. He pub- 
lished in 1686 his immortal work, in which he developed 
the great laws of universal gravitation, and applied them 
to the explanation of the motions of the heavenly bodies. 
It was titled Philoaophiai Naturalis Principia Mathe- 
matica. Besides establishing Astronomy on scientific 
principles, he also made valuable additions to Optics 
and Mathematics. He died in the year 1727. 

726. Another distinguished English astronomer, Dr 
Edmund Halley, was bom in 1666 and died in 1742. 
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He suggested the transit of Venus over the sun^s disc as 
a means of finduig the sun's parallax ; and calculated 
the elements and predicted the return of the comet 
which now bears his name. He made many valuable 
contributions to Astronomy, of which the preceding are 
the most notable. 

727. Db Bradley, bom in 1692^ made the two cap- 
ital discoveries of the aberration of light and nutation of 
the earth's axis ; besides maoy other improvements in 
astronomical science, 

728. Clairaitt, D'ALEMBf:itT, Euler, Simpson, 
La Place, La Grakge, and La Lands made many 
improTements and extensions in astronomical science. 

729. Sir William Hersghel, towards the close of 
the last century, discovered Uranus and his satellites, 
the two inner satellites of Saturn, and ascertained its 
ring to be double. He also discovered the remarkable 
phenomena of the binary stars, and extended immensely 
our knowledge of the fixed stars. 

730. The preceding are the leading names connected with 
the history and progress of astronomy, and the principal 
steps which it has made. For a full history of the progress 
of this interesting science, the reader is referred to Vince*s 
Astronomy, or the History of Astronomy in the Library of 
Useful Knowledge. 



the end. 
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